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ADDITIONAL EVIDENCE ON THE CROSSING BEHAVIOR 
OF GOSSYPIUM GOSSYPIOIDES' 


Meta S. BRowN AND MarGaret Y. MENZEL 


In an earlier paper (Brown and Menzel 1952) the cytology and cross- 
ing behavior of Gossypium gossypioides (Ulb.) Stanley were reported. At 
that time no viable hybrids of G. gossypioides with any diploid species of 
Gossypium had been obtained. G. gossypioides had been crossed with the 
natural amphiploid G. hirsutum and, from its cytological behavior in F, 
hybrids with this species, it was confirmed that G. gossypioides is a member 
of the D genome group, as had been inferred from its geographical location 
within the range of the other American wild species. From its crossing be- 
havior with certain diploids and synthesized tetraploids, as well as from its 
morphology, it was concluded that G. gossypioides is closely related to G. 
raimondii (D;). Since no closer relationship with any other American wild 
species could be established, G. gossypioides was assigned the genome sym- 
bol Dg. 

It has subsequently been confirmed that several plants from the cross 
G. raimondii x G. gossypioides are hybrids. Twenty flowers of G. raimondu, 
of which some were emasculated, were pollinated with G. gossypioides pollen. 
Two bolls with a total of 17 seeds were harvested from unemaseulated flow- 
ers. Seven seeds were planted, giving six plants, of which two were indis- 
tinguishable from selfed G. raimondii. The remaining four at first resembled 
G. raimondii, but differences soon became apparent. The leaves were faintly 
mottled, had a slightly uneven surface, and were less velvety in texture 
than G. raimondii. Slight epinasty was evident in the position of the leaves. 
Although later leaves of the hybrids had functional nectaries, only one leaf 
of the young seedlings had a nectary on the midrib, and this was vestigial. 
On G. raimondii, conspicuous nectaries were present on all leaves, including 
the first. 

Evidence that the four plants were hybrid consisted in the development 
of distinct lobes on the leaves (fig. 1). In Gossypium all species pass through 
an entire leaf stage regardless of the degree of dissection at maturity or the 
time of flowering (Stephens 1944). The same is true of hybrids. In G. rat- 
mondii all leaves are entire throughout the life of the plant. In G. gossy- 
pioides the leaves are 1/2 to 4/5 eut into three lobes at maturity, but dissee- 


1Contribution No. 1508 from Department of Agronomy, Cotton Investigations 
Section, Texas Agricultural Experiment Station, College Station, Texas. Part of the 


work was done under Regional Cotton Genetics Project S—1 of the Research and Market- 
ing Act of 1946. 
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tion was first noticed in the seventh leaf. In the hybrids the first leaves were 
entire, and so resembled those of the seed parent. The twelfth leaf was the 
first to show lobing on two hybrids, and three shallow but unmistakable 


Fia. 1. Top: Entire leaf of G. raimondii. Bottom: Three-lobed leaf of G. gossypioides. 
Center: Shallowly three-lobed leaf of F, hybrid of G. raimondii Q x G. gossypioides @. 
lobes were present on the thirteenth leaf. Since the seed parent had entire 
leaves, the lobing could have been transmitted only by G. gossypioides. The 
lobing therefore constituted conclusive proof of the hybridity of these plants. 


bie 
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Before leaf dissection became evident, about four weeks after germina- 
tion, the character which most suggested a hybrid constitution of the seed- 
lings was the appearance of the pigment glands in the leaves. Close inspec- 
tion showed a distinct difference in these glands, those of G. raimondii ap- 
pearing brownish, sparse and inconspicuous to the unaided eye, and those 
of the hybrids black as in G. gossypioides, but less numerous. Under micro- 
scopic examination this difference was even more pronounced. By trans- 
mitted light at 100 x magnification, the glands of G. raimondii were clear 
and light orange in color; in G. gossypioides they were opaque and deep 


TABLE 1. Comparison* of glands in species and hybrids. 


species or hybrid 


D, 
G. thurberi 


D. 


G. raimondiu 


Dz 
G. gossypioides 


D, x D; F; hybrid 


D, x De F, hybrid 
D; x D, F, hybrid 
D, x D, F, 

6 plants 


(D, D;) . Dz 
8 plants 


glands in cotyledons 


large, sparse ; 
yellowish brown 


small, numerous, embedded; 
reddish brown 


small, numerous, conspicuous ; 


purplish black 


no record 


large, dark, numerous; 
opaque, deep reddish brown 


no record 


inconspicuous, all buried; 
appearing buff to brown when 
exposed 


variable, from light brownish 
orange to very deep reddish 
black, but in 8 seedlings all 
darker than in 6 F, seedlings 


* By transmitted light at 100 x magnification. 


glands in young seedling 
leaves (first or second 
true leaf) 
large, numerous, deeply em- 
bedded; yellowish to golden 
brown 


several sizes, not embedded; 
clear bright orange 


slightly embedded; opaque, 
deep red, black at periphery 


(on young leaf on old branch) 
numerous, several sizes, not 
embedded; translucent light 
golden orange, duller than 
raimondii 


red, more translucent and 
lighter than De, more opaque 
than D; 


vary from inconspicuous pale 
gold to large deep orange, all 
translucent 

vary from translucent light 
brownish red to opaque red- 


dish black, all darker than F:. 
seedlings 


red. In the hybrid, the glands were intermediate. They were red as in G. 
gossypioides, but lighter in color and more translucent, yet more opaque 
than in G. raimondii. 

Since the subsequent appearance of lobed leaves confirmed the value of 
the glands in diagnosing hybrids from the raimondii-gossypioides cross, their 
use has been extended to the identification of certain other crosses. These 
observations are summarized in table 1. 

It had been suspected previously (Brown & Menzel in press) that hybrids 
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were obtained from some other interspecific crosses involving G. gossypioides, 
but hybridity could not be verified because the seedlings died in the coty- 
ledon stage. In one of these crosses, G. thurberi x G. gossypioides, a com- 
parison of pigment glands confirmed the hybrid constitution of inviable 
seedlings. 

Unemasculated flowers of G. thurberi were pollinated with G. gossypi- 
oides pollen, and the resulting seeds were planted in soil, along with selfed 
seeds of the two parental species for comparison. As soon as the cotyledons 
had expanded fully they were closely examined. Cotyledons of G. thurberi 
were opaque, with glands in the margins appearing brownish to the unaided 
eye and those in bruised tissue yellowish. Glands in the cotyledons of G. 
gossypioides were purplish black, conspicuous and numerous but slightly 
smaller than those of G. thurberi. Several seedlings of the cross were sus- 
pected of being hybrids while still in the cotyledon stage. Of the 68 seeds 
which were planted, 21 germinated. Sixteen seedlings were indistinguishable 
from selfed G. thurberi. Of the remaining five seedlings, three had cotyledons 
which failed to expand fully, as reported earlier, and a fourth died soon 
after germination. The remaining seedling had fully expanded cotyledons 
which were markedly epinastic. The glands of the five putative hybrids 
showed morphological features of both parental species. They were large 
like those of G. thurberi, but conspicuously dark and numerous like those of 
G. gossypioides. By transmitted light (100 x) the glands were opaque and 
deep reddish brown. In size, number and color the glands were thus evidence 
of the hybrid origin of the seedlings. 

In addition, seeds have recently been obtained from the cross, F, thur- 
beri-raimondii x G. gossypioides. From one boll, 14 seeds were harvested, 
which upon germination yielded 8 plants. For comparison, 12 seeds of a 
greenhouse open-pollinated boll of the F, hybrids were also planted. These 
vielded 6 F, plants. The glands were examined in both cotyledons and young 
leaves of these plants. 

In the cotyledons of all 6 F, plants, the glands were inconspicuous both 
macroscopically and microscopically. They were deeply embedded and ap- 
peared dull brownish in color by transmitted light. Exposed glands varied 
in color from buff to brown, but little segregation in color was noted from 
plant to plant. Cotyledon glands in the parental species were not conspicu- 
ously different, those of G. thurberi being yellowish brown, those of G. rai- 
mondii reddish brown. 

In the leaves of F, seedlings, the glands were translucent and ranged in 
color from pale gold to light orange to deep orange in different plants. These 
variants probably represented segregants from the F, hybrid, the leaf glands 
of one parent, G. thurberi, being yellowish to golden brown, and in the other 
parent, G. raimondii, a clear light orange. 
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All outeross plants, thurberi-raimondii x G. gossypioides, grew somewhat 
more slowly than selfs of the F, hybrid, but lobing appeared in at least 5 
plants on the second or third leaf, much earlier than in selfed seedlings of 
either G. thurberi or G. gossypioides. One of the 8 outcross plants was 
smaller and darker green than the rest, and the cotyledons became epinastic 
soon after unfolding. 

The glands on the cotyledons of the outcross plants were more con- 
spicuous than on any of the 6 F, plants examined. By transmitted light the 
glands ranged in color from light brownish orange to deep red, the latter in 
the plant with the dark green epinastic cotyledons. Although little variation 
was perceptible in the gland color in cotyledons of the F, plants, perhaps 
partly because of the thickness of the cotyledons, in the outeross slight varia- 
tions in color were intensified by the deeper gland color of G. gossypioides. 

At low magnification (20 x) the glands on the seedling leaves of outcross 
plants were large and blackish purple. By transmitted light at 100 x, despite 
variation due to segregation in the F, seed parent, the glands were redder 
in all outeross plants than in any F, plant. In different plants, the color 
varied from translucent bright brownish or rust red to opaque deep or black- 
ish red. In most outeross plants the glands also appeared larger and more 
opaque. 

The epinastic dark green outeross plant, with dark red glands, sue- 
cumbed to damping off after producing two small leaves, thereby spoiling 
the opportunity to determine whether this plant was a segregant having 
mostly thurberi germ plasm from the seed parent. However, even this plant 
reached a more advanced stage of development than do the thurberi-gossy- 
pioids hybrids. The remaining 7 plants were equally as vigorous as the 
F, plants. 

Discussion. Evidence presented in this paper demonstrates that @. gos- 
sypioides gives a vigorous hybrid with G. raimondii, and an inviable hybrid 
with G. thurberi. This evidence taken alone does not, of course, prove that 
G. gossypioides is more closely related to G. raimondii than to G. thurberi. 


However, in conjunction with the data on crossing behavior and morphology 
previously reported (Brown and Menzel in press), these facts add weight to 
the conclusion that G. raimondii is the closest known relative to G. gos- 
sypioides. A more critical evaluation of the closeness of this affinity awaits a 
study of the fertility of the F,, and of the F, segregants, if such are forth- 


coming. 

The fact that viable plants can be obtained from crossing F, thurberi- 
raimondu with G. gossypioides opens up the possibility of determining 
whether the inviability of thurberi-gossypioides hybrids is due to a rela- 
tively simple genetic mechanism confined to one or a few chromosomes of 
the respective genomes, or to a generalized disharmony dependent upon 
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many factors Studies designed to distinguish which of these two genetic 
situations is involved are now in progress. 

Since F, hybrids of thurberi-gossypioides have thus far died in the coty- 
ledon stage, the plants from thurberi-raimondii x G. gossypioides may be 
segregants of the F, which received mostly raimondii germ plasm. Silow 
(1941) reported similar results with G. davidsonii (= G@. klotzschianum var. 
davidsonit) when crossed with hybrids of a compatible and an incompatible 
species. From the F, anomalum-arboreum hybrid crossed with G. davidsonii, 
6% of the seeds produced viable hybrids. In crosses of G. davidsonii to see- 
ond and third backerosses of anomalum-herbaceum and anomalum-arboreum 
to G. arboreum and G@. anomalum, the percentage of germinable seed in- 
creased with the amount of anomalum germ plasm present, as indicated by 
the expression of the genetic characters being tested. Silow concluded that 
many factors are involved in the incompatibility of G. arboreum and G. 
herbaceum with G@. davidsonii. 

There is, however, no reason to assume a prwri that incompatibility fae- 
tors separating the A from the D, genome are of the same order of magni- 
tude as those separating G. gossypioides (D,) from other species of the D 
genome group. Moreover, the small samples of F, thurberi-raimondii and 
thurberi-raimondii x gossypioides in which seedling characters were com- 
pared give several indications that a genetically simple mechanism may be 
operating. Germination percentage was as high in the outerossed as in the 
F, seeds, suggesting that the D, genome does not reduce the viability of 
seeds which reach maturity, as compared with selfed seeds. Also, in both 
gland characters and earliness of leaf lobing in the outcrossed plants, there 
is a suggestion that at least some obvious thurberi factors are being recov- 
ered as frequently as those of G. raimondii. 

Anatomically, the pigment glands of Gossypium have received consid- 
erable attention. Their presence or absence, and their distribution when 
present, are considered diagnostic in distinguishing between Gossypium 
and other genera of the Hibisceae (Lewton 1925, Webber 1938, Hutchinson, 
Silow & Stephens 1947). Chemically, also, the glands have been studied 
extensively, since they contain the poison gossypol (Marchlewski 1899, 
Withers & Carruth 1915, Stanford & Viehoever 1918) and furthermore are 
the only known instance of a distinct morphological structure serving for 
pigment deposition (Boatner & Hall 1946, Boatner, Hall, Rollins & Cas- 
tillon 1947). 


The glands are found in many parts of the plant in all species of cotton; 
but within the genus little information of a comparative nature is available. 
Reeves (1936) mentioned differences in gland color in the cotyledons of the 
seed in several species. Skovsted (1935a) compared gland size in the leaves 
and stem of an F, hybrid and its parental species. Skovsted (1935b, 1937), 
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Kearney and Webber (1939) and Boza Barducci and Madoo (1941) com- 
pared the color of the glands on the stigma of F, species hybrids and their 
parents. 

In the hybrids involving G. thurberi, G. raimondii and G@. gossypwides, 
the glands have been of critical value in establishing the hybrid origin of 
the seedlings. The seed parent in each ease was a species or hybrid in which 
the glands were inconspicuous and light in color. The appearance of the 
more conspicuous gland type of G. gossypioides in the cross was unmistak- 
able evidence of character transmission from the pollen parent. 

The pigment glands of Gossypium may provide a morphological char- 
acter of more taxonomic as well as genetic value than has previously been 
realized. For purposes of a comparative study of their size, color and dis- 
tribution, the glands on the flower parts may be most favorable. However, 
in crosses between forms differing obviously in gland characters, the coty- 
ledon and seedling leaf glands may prove of considerable value in identify- 
ing hybrids before the climax expression of leaf shape, and long before the 
flowering stage.” 

DEPARTMENT OF AGRONOMY, COTTON INVESTIGATIONS SECTION 

TEXAS AGRICULTURAL EXPERIMENT STATION 
COLLEGE STATION, TEXAS 
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Pollen is shed and the F, plants are being selfed and backcrossed to the parental species. 
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will be presented later. On the basis of present observations, the fertility of the D,D, 
hybrid is expected to equal that of other F, hybrids between well differentiated American 
wild species. 
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HELENIUM CURTISII: ITS CHROMOSOMES 
J. T. BALDWIN, JR. AND BERNICE M. SPEESE 


On May 4, 1949, the senior author found Helenium Curtisti Gray in a 
bog about three miles west of Williamsburg, Virginia, in James City County 
(Baldwin 1949). Several hundred plants were just coming into flower; 
many others were present as rosettes. Some of the flowering stems reached 
a height of two feet, nine inches; the heads were showy with yellow ligules 
and ovoid disks of yellow flowers. The population grew in an area not in 
excess of 2500 square feet. 

Then and later that place proved to be exceedingly rich in its vegetation. 
In the bog, or immediately adjacent to it, were Sphagnum, Hypnum, Leuco- 
bryum, Microlepidozia, Cephalozia, Selaginella, Lycopodium, Osmunda, and 
Onoclea; in the streamlet leading from the bog were numerous plants of 
Batrachospermum. In the bog too were Glyceria, Panicum, Carex, Medeola, 
Mitchella, Saururus, Arisaema, Eriocaulon, Lilium, and Trillium pusillum 
var. virginianum. And also Juniperus, Pinus, Acer, Alnus, Ilex, Vaccinium, 
Liriodendron, Quercus, Carpinus, Liquidambar, Nyssa,- Cornus, Carya, 
Fraxinus, Lyonia, and Magnolia virginiana. Decumaria and Bignonia 
capreolata were frequent. Smilax rotundifolia made entry difficult. 

In the spring of 1951 the area was lumbered—not the first time by any 
means that it had been cut over. In early summer cattle were fenced; there. 
Attracted by the coolness of the bog, they have effectively trampled the rich 
vegetation underfoot. 

M. L. Fernald wrote in a letter of July 8, 1949, with reference to 
Helenium Curtis: ‘‘M. A. Curtis collected the original material at or near 
Raleigh {North Carolina] and all later collections which we have [at the 
Gray Herbarium] are from bogs of Raleigh or the immediate vicinity, at 
Method west of that city’’. Recent examination of the genus in the U. 8. 
National Herbarium revealed a single specimen of this species; it was col- 
lected by E. P. Killip on May 15, 1949 (Kiilyp 40151), when we took him 
to the James City County bog and when Baldwin got specimens (Baldwin 
12553) for deposit in the Gray Herbarium and in the Herbarium of the U. 8. 
National Arboretum. On May 28, 1951, because of the imminent destruction 
of the station for this seemingly rare species, fifteen additional specimens 
were taken for distribution to various herbaria: Baldwin 14801. A letter of 
September 18, 1951, from R. K. Godfrey reports that highway-construction 
activities are currently destroying a Raleigh station. 

Helenium Curtisii is one of two vernal species of the genus known in 
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Virginia; Fernald (1939) reported the occurrence of H. brevifolium (Nutt.) 
Gray ‘‘along a seepy old woodroad north of Daliia’’, Greensville County: 
Fernald and Long 10051. Throughout southeastern Virginia are many bogs 
much like the one described above; although we have botanized a fair num- 
ber of them, we have found no additional plants of spring-flowering repre- 
sentatives of Helenium. Indeed, Bernard Mikula and the senior author in 
the spring of 1951 spent several hours in fruitless search for H. brevifolium 
at the Dahlia station. 

On June 11, 1951, the flowering heads of H. Curtisii in the Virginia bog 
were past their prime. On June 30th the fruit of all plants had been 
dropped. Members of that population have a 2n-number of 28 chromosomes 


(fig. 1), and n-number of 14 (fig. 2). 


i 2 
$0, 


2 


Figs. 1-2. Chromosomes of Helenium Curtisii. Fig. 1. 2n=28 in root: after treat- 
ment with paradichlorobenzene, fixation with Carnoy’s, and smearing in propio-carmine. 
Fig. 2. n= 14 at diakinesis of microsporogenesis. Magnification x 2200. 


Darlington and Janaki Ammal (1945) record, as determined by Janaki 
Ammal, a 2n-number of 34 for Helenitwm autumnale; apparently no other 
reports of chromosome numbers for this American genus of about thirty 
species are in the literature. 


SUMMARY 


1. Helenium Curtisti Gray is one of two spring-flowering representatives 
of the genus reported in Virginia. It is known only from the vicinity of 
Raleigh, North Carolina, and from near Williamsburg, Virginia; both the 
Virginia and the North Carolina stations are in danger of complete 
destruction. 

2. The species has a 2n-number of 28 chromosomes, an -number of 14. 
Helenium autumnale has been reported to have a 2n-number of 34. 

COLLEGE oF WILLIAM AND Mary 

WILLIAMSBURG, VIRGINIA 
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PLANT SUCCESSION IN ARCTIC HEATH AND TUNDRA 
IN NORTHERN SCANDINAVIA’ 


CoRNELIUS H. MULLER 


The clearest understanding of an intricate natural process sometimes 
emerges from a study of the simplest form of that process. For that reason 
the phenomenon of auto-succession has appealed to me as a particularly 
promising approach to the study of plant succession. Auto-succession is de- 
fined as a succession consisting of a single stage, in which the pioneer and 
climax species are the same. 

In an earlier paper (Muller 1940) it was suggested (1) that the degree 
of stability of the community as reflected by auto-succession in disturbed 
desert vegetation is greater than that of temperate zone climax types, (2) 
that this greater stability is related to the extreme rigor of the habitat, and 
(3) that the rigor of arctic habitats would produce similar auto-succession. 
At the time no direct evidence could be cited in support of this prediction 
of arctic auto-succession although the unpublished testimony of one observer 
was cited. It is the purpose of this paper to report the results of an investi- 
gation of suecessional phenomena in the Scandinavian arctic. 

The concept of plant succession has in recent decades held a greater 
significance for many American ecologists than for those of the Old World. 
Although the phenomenon was early and fully described by European 
scholars, its utilization as the basis of a system of ecological classification is 
peculiarly American. Clements (1916) reviewed the early literature of suc- 
cession and fully defined his own application of the principle in what has 
come to be called ‘‘dynamic ecology.’’ Few of the early students of Scan- 
dinavian vegetation contributed observations bearing directly upon the 
present study. Cajander (1904) concluded that ‘‘regressive development”’ 
(secondary succession) of European moors increased with latitude and also 
with altitude. None seems to have concerned himself with the stability of 
heath and tundra in this region. Sandberg? has studied the vegetation of 


1 This work was supported jointly by grants-in-aid from the Committee on Faculty 
Research, University of California, Santa Barbara College, and from the Society of the 
Sigma Xi, for which I wish to make grateful acknowledgment. It is a pleasure to express 
my sincere appreciation of the aid and advice in the field of Professor G. Einar Du Rietz 
and Miss Margareta Witting of Uppsala Universitet. Dr. Gustaf Sandberg of the Abisko 
Naturvetenskapliga Station has very kindly furnished detailed information on rates of 
vegetational regeneration. To him I am indebted for the date of turf removal on Mt. 
Nuolja, Thanks are due Mr. Jason R. Swallen and Dr. Frederick J. Hermann for the 
identification of the grasses, Carex, and Juncus cited from Norway. The criticism, en- 
couragement, and other aids of Dr. H. A. Gleason have been invaluable. 

2 Personal communication to the author from Gustaf Sandberg, January 23, 1951, 
Uppsala, Sweden. 

296 


1952 


fro: 
and 
obs 
the 


Jul 
Ph: 
To 
fes 
de} 
we: 
tuc 
tio 
rig 
of. 
tio 
mi 
in 


tir 


do 
va 
pl 
re 
th 
be 


he 
of 


fc 


LUB 


', 1952 


RA 


times 
eason 
ularly 
is de- 
r and 


egree 
urbed 
, (2) 
, and 
ssion. 
iction 
erver 
vesti- 


‘eater 
‘orld. 
ypean 
ion is 
F sue- 
t has 
Scan- 
1 the 
ent’’ 
1 also 
ty of 
on of 
aculty 
of the 
xpress 
Rietz 
\ bisko 
tes of 
n Mt. 


or the 
n, en- 


1951, 


1952] MULLER: PLANT SUCCESSION IN NORTHERN SCANDINAVIA 297 


frost heaving polygons in the low alpine belt heath in Swedish Lappland 
and has demonstrated a very slow rate of reéstablishment. Twenty years of 
observation of individual sites revealed very little change in the centers of 
the denuded areas where repeated frost disturbance occurs. 

Unusual opportunities for study of aretic vegetation were afforded in 
July and August 1950 by the Seventh International Botanical Congress, 
Phytogeographical Excursion to the Surroundings of Lake Tornetrask in 
Torne Lappmark (Northern Sweden). Under the able direction of Pro- 
fessor G. Einar Du Rietz, the excursion was quickly oriented so that in- 
dependent study was easily arranged. Most of the observations here reported 
were made in the vicinity of Abisko and westward at about 68° 30’ N. lati- 
tude. The presence here of several mountains in excess of 1000 m. in eleva- 
tion results in a wide variety of habitats exhibiting all degrees of arctic 
rigor. The vegetation of the region reflects this variation by the development 
of successive altitudinal zones. These studies were supplemented by observa- 
tions near Solovome, Finnmark, Norway, at 69° 40’ N. latitude on low sum- 
mits of a morainal upland resembling a peneplane. Extensive reconnaissance 
in Swedish, Norwegian, and Finnish Lappland served as perspective. 

Altitudinal zones. The vegetation of the vicinity of Abisko is described 
by several authors and is briefly reviewed by Du Rietz (1950). Only the 
uppermost of the Scandinavian forest belts is represented here, this being 
the subalpine birch forest which rises to 600 or 650 m. elevation. Above the 
timber line the alpine zone is divided into three belts. The low and middle 
alpine belts are heaths distinguished from one another by characteristic 
dominants. The high alpine belt is characterized by very few species of 
vascular plants and, in its upper reaches, by complete exclusion of vascular 
plants and dominance by lichens and mosses. This latter condition is fully 
reached only locally at the highest elevations, well in excess of 1500 m. at 
this latitude, but exposed ridges as low as 1100 m. bear tundra distinctly 
belonging to the high alpine belt. 

Inasmuch as the subalpine birch forest often consists of a well developed 
heath ground cover upon which a tree layer is superimposed, the vegetation 
of the entire region is basically unified as various expressions of heath 
merging into tundra at the upper elevations. Thus, the subalpine birch 
forest belt is essentially a heath of Empetrum hermaphroditum,® Vaccinium 
Myrtillus, and Betula nana over vast areas. Upon this exists a forest of 
Betula pubescens subsp. tortuosa and occasionally a few associated tree 
species. The low alpine belt is basically this same heath of Empetrum herma- 
phroditum, Vaccinium Myrtillus, and Betula nana within which low bushes 
of Salix lapponum, 8. lanata, and 8. glauca oceupy wet areas at the lower 


3 The nomenclature here employed is that of Asplund (1950). 
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elevations. Calcareous areas in this belt bear a heath dominated by Dryas 
octopetala and Cassiope tetragona. The middle alpine belt bears a variable 
heath or tundra of Cassiope tetragona, Dryas octopetala, Vaccinium Vitis- 
idaea, V. uliginosum, Cassiope hypnoides, Phyllodoce caerulea, Salix her- 
bacea, and various grasses and sedges. The high alpine belt is characterized 
by true tundra of Salix herbacea, Luzula spp., Ranunculus glacialis, and 
mosses and lichens. The heath of these several zones acts as the matrix within 
which habitat variations have induced changes that characterize specific 
vegetation types or alliances. 

The objective in studying arctic heath and tundra was to determine the 
degree to which the vegetation types exhibit the phenomenon of secondary 
succession. Primary succession was not included, although this too might 
reveal much of the essential nature of the vegetation. 

Method. The method employed was essentially that described in an 
earlier paper (Muller 1940) on American desert vegetation. Secondary sue- 
cession is here defined as the establishment in seriously disturbed areas of 
vegetation consisting wholly or in part of species belonging to some com- 
munity other than the original one. Thus, if disturbance of a climax vegeta- 
tion permits the entrance of one or more species foreign to that community, 
some degree of secondary succession has occurred. The degree of succession 
that results from a given intensity of disturbance may be used as an ex- 
pression of the stability of the original vegetation. If no foreign species can 
enter because of the extreme rigor of the habitat, the subsequent reéstablish- 
ment of the original vegetation is auto-succession. 

Even in auto-succession some degree of selection may be exhibited 
amongst the species as they reénter the disturbed area. This, however, is a 
reflection of the heterogeneity of the community rather than a form of 
secondary succession. This will be referred to as selective auto-succession in 
order to distinguish it from simple auto-succession in which the entire com- 
munity is reéstablished without segregation of its elements. 

Disturbed areas were chosen throughout the several altitudinal zones 
with the intent of providing comparable degrees of disturbance. Three kinds 
of disturbance were used: (1) bare patches produced by frost heaving or 
congeliturbation, (2) wind-eroded ridge tops, and (3) bare patches from 
which turf had been removed. Frost heaving or congeliturbation has the 
advantage of occurring at all elevations in great abundance, but its best 
development was encountered on very gentle slopes. Wind erosion produces 
areas of more or less complete denudation, but this form of disturbance is 
confined to ridge tops and therefore represents only the most rigorous 
habitats of a given altitudinal belt. Turf removal some eight years prior to 
the study was discovered fortuitously at a critical altitudinal level on the 
slope of one mountain. 
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Analyses of the communities consisted of listing the species, evaluating 
their degrees of dominance, and establishing the fact of homogeneity of the 
sample areas studied. If a series of undisturbed areas showed no important 
variability either internally or between individual examples, they were re- 
garded as representing adequately the vegetation of that locality. 

Disturbed areas in such a locality were analyzed by noting the identities 
of the first invaders and their early associates. In localities of often-repeated 
disturbance patterns, the distribution of each species was examined to deter- 
mine if it reflected in any degree the distribution of disturbance and thus 
revealed a dependence upon disturbance. Such dependence might be the 
basis of the concentration of a species at disturbed loci or it might represent 
the sole means whereby the species occurs in the community. 

Since time did not permit detailed quantitative analysis, the results here 
presented are only those that were so obvious that conclusive differences 
could searcely be questioned. A more intensive study might reveal additional 
instances of the dependence of some species upon the pioneering of others, 
but no effort was made to evaluate exhaustively this possibility. It was 
necessary to eliminate specific consideration of the mosses and lichens be- 
cause of lack of names of the species encountered. Fortunately, these are of 
almost negligible importance to this study because the sites considered were 
largely lacking in dominant cryptogamic vegetation. The wetter sites where 
mosses were highly influential did not usually provide soil disturbances 
suited to this purpose, with one unfortunate exception. 

Succession after congeliturbation (frost heaving). A very prominent 
feature of the arctic-alpine landscape about Lake Tornetrask is the develop- 
ment on gentle slopes of fields of frost disturbance. Such an area is char- 
acterized by many upwellings of the soil and complete destruction of its 
macroscopic plant cover. Such upwellings occur locally due to differential 
frost heavage and may range in area from a square decimeter to about eight 
square meters. They are characterized by polygonal shape and, if no 
boulders occur in the soil, by a smooth surface of churned bare soil and 
pebbles. They are distributed irregularly in a matrix of heath ground cover, 
and where they occur abundantly in the forest zone they completely destroy 


the tree layer. Where they occur on slopes their surfaces are approximately 
horizontal so that they produce a terraced effect on the slope (Frédin 1918). 
These bare congeliturbation terraces are not to be confused with the heavily 
vegetated ones described in Alaska by Hanson (1950) as resulting from soil 
creep. They differ, furthermore, from the ‘‘peat rings’’ (Hopkins and 
Sigafoos 1951) on Seward Peninsula, Alaska, which develop under a much 
thicker layer of peat and generally less rigorous climatic conditions. 


The ages of such congeliturbation polygons vary widely in a single 
locality. Although exact ages could not be determined, relative ages (since 
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the last disturbance) were easy to fix because of the progress of reéstablish- 
ment of the plant cover. 

A meadow kept free of trees by congeliturbation was studied in the sub- 
alpine birch forest in the Abisko Valley about four kilometers south of 
Abisko Ostra at an elevation of about 500 meters (fig. 1). The ground cover 
of the birch forest formed the matrix within which polygons of various ages 
and degrees of revegetation occurred. The permafrost on July 26 was en- 
countered at a depth of about six decimeters. The soil was firm until experi- 
mental disturbance of its structure reduced it to a fluid condition. The 
undisturbed heath here consisted of Empetrum hermaphroditum, Betula 
nana, Salix hastata, Arctostaphylos alpina, Vaccinium Myrtillus, and Vace- 
cinium uliginosum. Bare areas due to congeliturbation were first colonized 





Fig. 1. Congeliturbation polygons in deforested heath, the undisturbed subalpine 
birch forest in the background, at 500 m. altitude near Abisko, Sweden. 


by Saxifraga aizoides, Carex capitata, Carex microglochin, Tofieldia pusilla, 
Astragalus alpinus var. arcticus, and Equisetum palustre. The Astragalus 
and Equisetum appeared to be confined largely to the incompletely colonized 
polygons, but Sazxifraga, Carex, and Tofieldia occurred at least sparsely in 
undisturbed or completely reéstablished heath. The colonizers were freely 
followed by the heath species spreading rhizomatously from the periphery 
of the polygons. Vegetational reéstablishment here obviously involves see- 
ondary succession. 

A series of congeliturbation polygons was studied in the middle alpine 
belt on Mt. Nuolja between Abisko and Bjorkliden (fig. 2). On the south- 
easterly slope just above 1000 m. the tundra consisted of Empetrum her- 
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Fig. 2. Congeliturbation polygons in middle alpine belt tundra at 1000 m. altitude 
on Mt. Nuolja, Sweden, exhibiting selective auto-succession. 
maphroditum, Vaccinium uliginosum, Vaccinium Vitis-idaea, Betula nana, 
Salix herbacea, Deschampsia alpina, Carex Bigelowiti, and various minor 
mosses. The first invaders of the disturbed polygons were Salix herbacea 
and Carex Bigelowii (fig. 3). These are members of the original vegetation 





Fig. 3. Reinvasion of a polygon from figure 2 by Salix herbacea and Carex Bigelowii. 


and thus establish this vegetational regeneration as selective auto-succession. 
The more vigorous of the rhizomatous species next invade the polygons and 
the original tundra is thus rebuilt of its own elements. 
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On the peak of Mt. Nuolja at 1163 m. elevation the tundra consists of 
Salix herbacea, Saliz reticulata, Vaccinium Vitis-idaea, Cassiope tetragona, 
Carex Bigelowti, Deschampsia alpina, and Saussarea alpina. Regeneration 
of vegetation on the polygons involved all of the component species and 
showed no selection amongst them. Both the shrubs and the herbs entered 
otherwise bare polygons so that this was clearly a case of auto-succession 
(nonselective ). 

In the province of Finnmark, Norway, the interior upland is character- 
ized by a morainal peneplane (?) of moderate elevation. A series of observa- 
tions was made in the tundra of the uplands at approximately 650 m. eleva- 
tion some 5 kilometers north of Solovome and 45 kilometers south of Alta 
(Altafjord). The general vegetation here corresponds to the lower and 
middle alpine belts of the Abisko region, but the studies were confined to 
the uppermost levels of greatest exposure to wind. 

On the most exposed hilltops the vegetation was strikingly depauperate 
and approached tundra sensu strictu, i. e., lichen and moss vegetation with 
limited numbers of vascular plants. One such area was occupied by a tundra 
constituted of Empetrum hermaphroditum, Betula nana, Vaccinium uligi- 
nosum, Saxifraga oppositifolia, Arctostaphylos alpina, Carex panicea, Fes- 
tuca ovina, Deschampsia flexuosa, and various lichens. Congeliturbation 
polygons here were being recolonized by the encroachment of the rhizoma- 
tous shrub species from the peripheries. No species foreign to the adjacent 
undisturbed tundra occurred in the disturbed sites, thus characterizing the 
regeneration of this vegetation as true auto-succession. 

Succession after turf removal. At the north base of Mt. Nuolja just 
above timberline in luxuriant heath of the low alpine belt there occurred 
a series of disturbances incidental to military occupation of the area about 
eight years previously. These disturbances consisted of the removal of turf 
from rectangular areas of one to several square meters each (fig. 4). These 
extended over a vertical range of about 100 m. (between 600 and 700 m. 
elevation). The heath here consisted of Cassiope tetragona, Betula nana, 
Vaccinium uliginosum, Vaccinium Myrtillus, Arctostaphylos alpina, Em- 
petrum hermaphroditum, Salix reticulata, Salix phylicifolia, Dryas octo- 
petala, Polygonum viviparum, Rhododendron lapponicum, and many mosses. 
In this vegetation the mosses played an important part ecologically and the 
regrettable lack of specific names constitutes a serious omission. However, 
this is not true of any of the other areas described. 

In the lowermost of the several bare areas the colonizers consisted of 
Sazxifraga aizoides, Cerastium lapponicum, Astragalus alpinus var. arcticus, 
Pedicularis Oederi, Euphrasia lapponica, Silene acaule, Deschampsia alpina, 
Carex Bigelowii, Carex misandra, Arctostaphylos alpina, Betula nana, and 
Dryas octopetala. The herbaceous members of this list were not found in 
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completely undisturbed heath. These species were most commonly en- 
countered on the banks of tiny rivulets or on similarly eroded sites. The 
Astragalus, Cerastium, and Silene occurred also on windswept exposures at 
much greater elevation where the vegetation was far less dense. This is 
clearly a case of secondary succession initiated by species foreign to the 
climax heath. 





Fic. 4. Bare area resulting from turf removal in luxuriant heath in the lower alpine 
belt at 600 m. altitude on Mt. Nuolja, Sweden, exhibiting secondary succession. 


The uppermost of the disturbed areas lay about 100 m. above the ones 
first described. No appreciable differences in the climax heath were discern- 
ible in that distance. Yet the recolonizing species were limited to Saxifraga 
aizoides, Saxrifraga oppositifolia, Polygonum viviparum, Bartsia alpina, 
Carex Bigelowii, and Carex misandra. Amongst the rhizomatous shrubs 
Arctostaphylos alpina was the first to penetrate from the periphery of these 
disturbed areas. The absence here of Cerastium, Silene, Astragalus, ete. is 
not significant, for these species occur at much greater elevations under 
more rigorous climatic conditions. 

Succession after wind erosion. Since wind erosion occurs only on ex- 
posed ridge and hill tops, the phenomenon is necessarily accompanied by 
limited or no snow cover and climatic rigor of great extreme, all due to wind. 
Such a situation was encountered at an elevation of 1100 m. in the middle 
alpine belt on the east slope of Mt. Laktatjakko, west of Lake Tornetrask, 
Sweden. The vegetation of this site, at its most luxuriant development, is a 
tundra consisting of Dryas octopetala, Silene acaule, Saxifraga oppositifolia, 
Cerastium alpinum, Salix reticulata, Polygonum viviparum, Astragalus 
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alpinus var. arcticus, Carex rupestris, and Carex nardina. Moses and lichens 
were not in evidence. This vegetation showed its full but thin development 
only on areas of fine deep soil derived from micaceous schist. (Stony areas 
of more shallow soil bore only Dryas octopetala and Carex nardina very 
sparsely distributed.) The fine soil was very susceptible to wind erosion 
wherever it occurred on a prominence. Blowouts incised the tundra and 
reduced the level of the soil by 2 to 10 em. The resulting bare areas were 
composed of soil not perceptibly different from that still occupied by the 
thin cover of tundra (fig. 5). 





Fic. 5. Wind erosion in tundra of the more rigorous middle alpine belt at 1100 m. 
altitude on Mt. Laktatjakko, Sweden, exhibiting nonselective auto-succession. 


The reinvasion of these blowouts was accomplished first by the rhizo- 
matous growth downward of Dryas and the other species eventually fol- 
lowed. The revegetated blowout occasionally was again eroded and thus 
several recurrences could be traced. In no instance was any species foreign 
to the original tundra involved. The lead was taken by Dryas apparently 
because of its more rapid growth. The other species invaded the bare areas 
quite independently of Dryas but less vigorously. The revegetation, then, 
was auto-succession and not selective. 

Similar wind erosion of fine soil was observed on prominences at 650 m. 
elevation north of Solovome in Finnmark, Norway. Here the vegetation was 
more luxuriant and consisted of Empetrum hermaphroditum, Betula nana, 
Vaccinium uliginosum, Arctostaphylos alpina, Saxifraga oppositifolia, Jun- 
cus trifidus, and various mosses and lichens. Blowouts in this area, too, were 
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being recolonized by the rhizomatous action of shrubs, in this case by 
Empetrum and Betula (fig. 6). The mosses and lichens showed little tend- 
ency to invade the bare areas until it was no longer being disturbed by the 
wind In some cases this depended upon recolonization by the vascular 
plants, but depth of the blowout or its stabilization by surface gravel often 
effected the quiescence required for the establishment of the mosses and 





Fic. 6. Wind eroded tundra at 650 m. altitude near Solovome, Finnmark, Norway, 
being recolonized by rhizomatous action of Empetrum and Betula nana. 


lichens. This, then, is also auto-succession and not necessarily selective in 
the sense that one species depends always upon the previous establishment 
of another. 

Discussion. A progressive addition of species to the communities char- 
acterizes a transect through arctic tundra and heath from the most rigorous 
habitat to the edge of the forest zone. Thus, at the very limit of plant growth 


se 


one encounters necessarily a single ‘‘last’’ species, a lichen. Similarly, at 
the limit of the growth of vascular plants, a ‘‘last’’ species is also character- 
istic, in this case often Ranunculus glacialis. At the limit of forest growth 
Betula pubescens subsp. tortuosa forms the tree line. Each of these is soon 
associated with other species of similar growth form as one proceeds to less 
rigorous levels or latitudes. The degree of rigor that selects the ‘‘last’’ 
species in each instance, if relaxed slightly, permits the growth of a few 
other species not quite so tolerant of the extreme habitat. 

Where only a few plants (both individuals and species) are involved, 
the dispersal of these sparsely over the area obviates the possibility of two 
phenomena characteristic of the vegetation of temperate latitudes. The great 


—— 
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distance of the plants from one another makes the dependence of one upon 
another impossible. Each is a pioneer completely independent of all others. 
Similarly, the distance between the individuals reduces to nothing the pres- 
sure of competition except where two plants are fortuitously established so 
close to each other that their rhizomatous spread brings them in contact 
either above or below soil level. The expanses of suitable bare soil character- 
istically seen between the individuals indicates the lack of significance of 
such occasional contacts in the several extreme cases observed (e.g., on Mt. 
Laktatjakko ). 

This lack of dependence and competition gives weight to the 


‘ 


‘individual- 
istic concept of the plant association’’ of Gleason (1926), emphasizing as it 
does the relation between plant and habitat rather than that between plant 
and plant. Gleason (1927) also held views concerning the nature of suc- 
cession which are illustrated here. He states (p. 321), ‘‘The environmental 
complex includes every extraneous feature which reacts in any way on the 
life of the plant, and the space and time relations of plants in general, col- 
lectively constituting vegetation, are due, so far as the environment is the 
casual factor, to variations in the complex. .. . Every variation of the total 
environmental complex, whether in space or time, whether abrupt, gradual, 
slow, or rapid, provided only its amplitude be sufficient to affect plant life, 
shows its results in the space-phases or the time-phases of vegetation, and in 
general the result is commensurate with the cause. In weighing this state- 
ment we must not lose sight of three principles which depend on the plants 
themselves; first, that plants react upon and influence their own environ- 
ment which reaction becomes a part of the general complex; . . .’’ If we 
furthermore bear in mind Gleason’s contention that the presence of a plant 
in any particular spot is the result of the coincidence of (1) suitability of the 
habitat to the requirements of the organism and (2) the fortuitous presence 
of propagules, we find that Gleason’s entire philosophy of the nature of 
vegetation is more or less mirrored by the present observations. 

It is significant that some quite typical species of rigorous habitats occur 
at lower and more favorable levels only on disturbed sites. Thus, Astragalus 


alpina var. arcticus, Cerastium lapponicum, and Silene acaule are a part of 
bona fide tundra on an exposed slope at 1100 m. on Mt. Laktatjakko and 
there they show no requirement of disturbance. On nearby protected areas 


of similar elevation these species are absent and the vegetation is a luxuriant 
heath of Empetrum, Vaccinium, Betula, ete., all of which are dependent 
upon some degree of snow cover in winter. At 600 m. on Mt. Nuolja there 
are no windswept slopes and the vegetation is consequently extremely rich 
heath in which Astragalus, Cerastium and Silene are completely confined 
to disturbed sites. What, then, is the relation between the exposed slope at 
high elevation, exhibiting sparse vegetation under conditions of great rigor, 
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and the disturbed sites on a protected slope at a lower elevation where 
otherwise a luxuriant heath develops? First, the two sites have in common 
sparseness of vegetational cover. Astragalus et al are absent from dense 
growths of heath and they occur in greatest abundance where the density 
of the vegetation is reduced by one cause or another. On favorable sites this 
is accomplished by disturbance and destruction of the climax heath. On 
rigorous sites this reduction in density is a characteristic of the climax 
itself. It would appear, then, that Astragalus et al are limited in their com- 
petitive ability but less limited in their ability to persist under exposure to 
rigorous climate. Empetrum et al, on the other hand, are characterized by 
greater competitive ability but restricted in their resistance to arctic rigor. 
Some species, however, (e.g., Dryas octopetala) are characteristically found 
in both luxuriant heath of protected areas and sparse tundra of exposed 
slopes. Dryas is furthermore one of the most vigorous colonizers of disturbed 
areas. This illustrates the great diversity of tolerances of conditions that 
characterizes any group of species that is segregated into diverse adjoining 
communities. This diversity forms the biological basis of Gleason’s ‘‘in- 
dividualistie concept.’’ 

In an earlier paper (Muller 1940) I suggested the objectionable term 
‘‘super-climax’’ to describe communities characterized by auto-succession 
(complete climatic control in spite of serious disturbance). It now seems 
better to avoid the use of a term that so strongly emphasizes stability. Even 
under conditions of auto-succession there exists a state of flux. This flux, 
however, is unable to destroy the identity of the community no matter how 
much it is augmented by disturbance. The apparent stability of the auto- 
successional community resides in the lack of foreign species capable of 
growth in that climate. Reaction of plants upon the habitat simply does not 
change the habitat enough to introduce either dependence or competition. 
Thus, both extreme desert and extreme tundra are primal communities in 
which the illusion of stability is created by the great discrepancy between 
the tolerances of their constituent species and those of less stringently con- 
trolling climates. 

Any other factor of the habitat, if sufficiently extreme, could seleet out 
lists of species equally as exclusive as those characterizing extreme desert 
and extreme tundra. It is not likely, though, that any other factors are so 
widely and so permanently minimized (except in the ocean depths) as are 
those of moisture in desert and temperature in tundra. 

Griggs (1934a) ascribes to the condition of flux of arctic vegetation the 
significance of indicating a lack of stability, as though the tundra had not 
yet recovered from the glacial period. It may be granted that this is indeed 
the case where forest was observed to be still encroaching upon tundra 
(Griggs 1934b), but the disturbances of frost heaving to which Griggs also 





r 
| 
i 
| 


308 BULLETIN OF THE TORREY BOTANICAL CLUB (Vou. 79 


makes reference are characteristic of the entire tundra region and are by 
no means comparable to the shifting of the tree line. Their significance is 
rather comparable to that of the variable semi-aridity of Western Kansas 
far beyond the fluctuating forest border of Illinois. This permanent role of 
frost disturbance in tundra regions was pointed out by Hopkins and Siga- 
foos (1951). 

The conclusions we may draw from these data are by no means as 
weighty as the questions they raise. However, a few fairly definite facts have 
emerged. True secondary succession is characteristic of the lower and less 
rigorous arctic-alpine zone. Selective auto-succession occurs in the middle 
arctic-alpine zone. Auto-succession (nonselective) is characteristic of the 
more rigorous middle and upper arctic-alpine zone. Competition is very 
obvious in the lower and middle arctic-alpine heath. Competition is non- 


existent in the sparse tundra of the exposed middle and upper arctic-alpine 


zones. Auto-succession is characterized by absence of competition and, 
largely, of dependence. 

The questions that have been raised may be summarized as two queries. 
Is the individualistic concept of the plant association both true and uni- 
versal? Is the alliance, synusium, union, or whatever unit of vegetation, a 
true entity joined by some set of natural forces? 

To these we may answer with a final conclusion. The organization of a 
community characterized by nonselective auto-succession is both individual- 
istic and lacking in competition and dependence. However, the universality 
of individualistic phenomena, which would require a negative answer to the 
second question, is not fully indicated. 


SUMMARY 


1. The vegetation of Lappland in the vicinity of Abisko, Sweden (about 
68° 30’ N. latitude) consists of birch forest with a ground cover of heath. 
Above 650 m. elevation this is replaced by heath or tundra without trees and 
is readily divided into three altitudinal zones, the low, middle, and high 
alpine belts. The lowermost is a luxuriant heath of Empetrum herma- 
phroditum, Vaccinium Myrtillus, Betula nana, etc. The middle alpine zone 
is characterized by great variability of dominants, including Cassiope tetra- 
gona, Dryas octopetala, Vaccinium Vitts-idaea, Vaccinium uliginosum, 
Salix herbacea, ete. forming much less luxuriant heath and consequently, in 
many cases, thinner mats of vegetation comprising tundra. The high alpine 
zone consists of Salix herbacea, Luzula spp. Ranunculus glacialis, ete. 
sparsely scattered in mosses and lichens. 

2. A method of assaying the degree of secondary succession was devised ; 
it consists of studying congeliturbation polygons and similar disturbed sites 
by analyzing their recolonization, thus determining if the disturbed areas 
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harbor species foreign to the undisturbed community. If the recolonizers are 
foreign species, secondary succession is occurring. If they are members of 
the original community, the recolonization is auto-succession. If, in auto- 
succession, one element of the original community depends upon the prior 
establishment of another, this is termed selective auto-succession. Sites dis- 
turbed by wind erosion and by turf removal also were studied. Similar 
studies were performed near Solovome in Finnmark, Norway at about 69° 
40’ N. latitude. 

3. It was found that heath within the birch forest and in the low alpine 
belt exhibited distinct secondary succession, in some instances involving 
species belonging to the more rigorous middle alpine belt. In the middle 
alpine belt tundra only auto-suceession occurred, although this was some- 
times selective. Nonselective auto-succession characterized exposed ridges 
that approached the high alpine belt in character. 

4. The independence of the species involved in non-selective auto-succes- 
sion strongly suggests Gleason’s ‘‘individualistic concept of the plant asso- 
ciation.’’ 
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NEW BRAZILIAN SPECIES OF UTRICULARIA 
JULIAN A, STEYERMARK 


During a recent study of South American material of Lentibulariaceae 
sent me for study, the following new species from Brazil have been detected 
and are described below. 

Utricularia Baldwinii Steyermark, sp. nov. Caulis gracillimus 25-35 em. 
altus glaber vel hispido-pilosus; foliis ut videtus nullis; squamis paucis 
lanceolatis 25 mm. longis integris; bracteis lanceolatis 1.5 mm. longis sub- 
integris vel apice paullo denticulatis; floribus racemosis 3—5, pedicellis ad- 
scendentibus 6-18 mm. longis; calycis lobo superiore majore suborbiculari- 
ovato obtuso 2.5 mm. longo 2 mm. lato valde 10-nervato extus dense papillato ; 
lobo inferiore suborbiculari apice subemarginato vel rotundato 2 mm. longo 
1.75-1.8 mm. lato 8-nervato extus dense papillato; corolla ut videtur medio 
palati flavido-maculata aliter caeruleo-purpurea extus dense papilloso-pu- 
berulenti, labio superiore suborbiculari-ovato rotundato 5 mm. longo 4.5— 
4.75 mm. lato; labio inferiore late suborbiculari rotundato obtuso vix sub- 
trilobo 8 mm. longo 8 mm. lato; ealeari cylindrico 7.5-8.5 mm. longo labio 
inferiori longiore horizontali recto. 

Type in U. 8. Nat. Herb., isotype fragment and photo in herb. Chi. Nat. 
Hist. Mus., collected at Amapa, Amapa Territory, Brazil, June 3, 1944, J. T. 
Baldwin, Jr. 4077. 

This species is characterized by the partly pubescent stems, entire or 
subentire bracts, mostly entire, not 3-lobed, lower corolla lobe, broadly 
ovate upper corolla lobe, and papillose subentire calyx lobes. 

Utricularia cearana Steyermark, sp. nov. Herba terrestris aphylla, 
radiculis parvis fibrosis, ampullis destitutis ; seapo simplice erecto 3-4.5 em 
alto glabro squamoso; squamis ovatis acuminatis 1.5 mm. longis; inflores- 
centia densa multiflora, floribus subspicatis; pedicellis erecto-adscendenti- 
bus 1-1.5 mm. longis; bracteis distinctis ovatis abrupte acuminatis 2 mm. 
longo rotundato 2.5 mm. longo 0.8—0.9 mm. lato; labio inferiore obcuneato- 
vel subulatis acuminatis 1.5 mm. longis 0.2 mm. latis; calycis lobo superiore 
late ovato abrupte acuto apice ipso involuto-inflexo 2.5 mm. longo 1.5 mm. 
lato, lobo inferiore late ovato rotundato vel subtruncato 2.5 mm. longo 1.5 
mm. lato; corolla pallido-vel aurantiaco-lutea, labio superiore anguste ob- 
longo rotundato 2.5 mm. longo 0.8—-0.9 mm. lato; labio inferiore obcuneato- 
obovato rotundato apice subemarginato vel integro 2.5 mm. longo 1.8 mm. 
lato; ealeari anguste lanceolato acutiusculo 2.5 mm. longo. 

Type in herb. Chi. Nat. Hist. Mus., collected 4 km. north of Soure, 
(Caueaia), Ceara, Brazil, alt. 2 m., June 10, 1945, Hugh C. Cutler 8365, 
‘‘oceasional; stem short, stiff, usually green, but occasionally palely red- 
dened.”’ 

This species is related to U. spicata Sylvén, U. Meyeri Pilger, P. erectt- 
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flora St. Hil., and U. aureolimba Steyerm., but is easily distinguished by the 
smaller calyx, smaller spur, smaller corolla lobes, and smaller stature. 

Utricularia Cutleri Steyermark, sp. nov. Herba terrestris radiculis 
parius fibrosis, ampullis foliisque destitutis; scapo simplice erecto 7.5-14 
em. alto basin versus pilosulis aliter glandulis sessilibus dense obtectis; 
squamis oblongo-lanceolatis acutis 1.2 mm. longis; floribus 2—4, laxe race- 
mosis longe pedicellatis ; pedicellis 9-12 mm. longis glandulis sessilibus ob- 
tectis; bracteis solitariis supra basin affixis extremis solutis ovatis apice 
acutis basi dentatis supra medium 18 mm. longis basin versus 0.4—0.5 mm. 
longis, puberulentibus; calycis lobo superiore suborbiculari-ovato acutius- 
culo 2.1 mm. longo 1.8 mm. lato supra medium marginibus 2-3 dentibus 
brevibus latis dentatis, lobo inferiore suborbiculare obtuso 1.8—-1.9 mm. longo 
1.8 mm. lato; corolla purpurea et lutea, labio superiore oblongo obtuso 4 
mm. longo 1.5 mm. lato; labio inferiore 4.5 mm. longo 3.5 mm. lato integro 
paullo undulato; caleari anguste oblongo obtuso 6-7 mm. longo. 

Type in herb. Chi. Nat. Hist. Mus., collected among Drosera and Utrieu- 
lariaceae on damp sandy cornauba flat near ocean, 4 km. north of Soure 
(Caueaia), Ceara, Brazil, alt. 2 m., June 10, 1945, Hugh C. Cutler 8363. 

This well-marked species, related to V. nigrescens Sylvén, U. pusilla 
Vahl, and U. subulata L., is distinguished by the lavender or pale violet 
smaller corolla, which is glandular puberulent on all parts, entire lower lip 
of the corolla, smaller spur, and the bracts which are free in their lower 
part and toothed. 

[It is probably more closely related to U. Regnellii Sylvén, from which it 
differs in the stems being glandular throughout, the dentate lower half of 
the bracts, solitary bracts, much longer pedicels, and the non-emarginate 
ealyx lobes. 
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A COMPARISON OF THE THREE-DIMENSIONAL SHAPES OF 
CORK CAMBIUM AND CORK CELLS IN THE STEM OF 
PELARGONIUM HORTORUM BAILEY’ 


FRANK G. Lier? 





One of the fundamental processes in the development of plants is the 
differentiation of cells which have been derived from terminal and lateral 
meristems. There are many approaches to the study of differentiation in- 
cluding, among others, studies of such factors as the changes in the chemical 
and physical nature of the cell wall, changes in the various dimensions of 
the cell, changing relations of the differentiating cell to neighboring cells, 
and the assumption of the physiological functions which the differentiated 
cell will play in the economy of the plant. 

An avenue of approach to the investigation of the problem of differen- 
tiation, which is receiving increasing attention, is a study of the three- 
dimensional shapes of both terminal and lateral meristem cells. The final 
architecture of plant tissues depends, in some measure, upon the structure 
of the cells of which they are composed ; hence a study of the actual shapes 
of such cells can throw considerable light on the complexities of tissue strue- 
ture. The studies of Matzke (1949), and Dodd (1948) on the three-dimen- 
sional shapes of meristem cells point the way to further exploration of this 
approach. 

The present study has a twofold aspect. First, the three-dimensional 
shapes of dividing and non-dividing cork cambium cells are considered. In 
making such a comparison between the shapes of dividing and non-dividing 
cells one can learn something of the changes and adjustments which occur 
in these cells before and during the division process. This is of value since 
it adds facts which may be useful in our interpretation of the division proc- 
ess, one of the most fundamental activities of all growing organisms. The 
second aspect of the present study deals with a comparison of the shapes of 
the meristematic cork cambium cells with the shapes of the mature cork 
cells derived from them. Such data should add to our understanding of the 
structural phases of the differentiation process. A comparison will also be 
made between these data and those of Lewis (1928) on the shape of com- 

a Presented as a partial fulfillment of the requirements for the degree of Doctor of 
Philosophy in the Faculty of Pure Science, Columbia University. 

2 The author wishes to express his gratitude and thanks to Professor Edwin B. 


Matzke for his aid and encouragement during the progress of the research and the prep- 
aration of the manuscript. 

The helpful suggestions of Professor F. E. Croxton of Columbia University in the 
statistical treatment of these data are gratefully acknowledged. 
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mercial cork cells and also with the data supplied by Dodd (1948) in his 
study of the shape of cells in the cambial zone of the stem of Pinus sylvestris. 

Literature. The literature on cork tissue extends back to the first ob- 
servations on the nature of plant tissues. In his Micrographia, Robert Hooke 
(1665), gave a description of the cells of bottle cork, deseribing them in 
these terms: ‘‘ Next, in that these pores, or cells, were not very deep, but 
consisted of a great many little boxes separated out of one continued long 
pore, by certain diaphragms. . . .’’ Extensive researches were carried out on 
the development of the periderm by von Mohl (1845), Sanio (1860), and 
Douliot (1889). These workers were concerned chiefly with the study of the 
layers in which the origin of the cork cambium cells took place, and with 
the sequence of divisions undergone by these cells in the formation of cork 
and phelloderm. A review of the structure and physiology of the tissues of 
the periderm was presented by Mylius (1913). The most recent deserip- 
tions of the periderm are given by Eames and MacDaniels (1947) and Fos- 
ter (1949). None of these references deals primarily with the three-dimen- 
sional shapes of cork and cork cambium cells. Most of the remaining litera- 
ture on cork discusses its chemical nature, and is not directly pertinent to 
this problem. An extensive bibliography by Watrous and Barnes (1946) 
includes references on the properties, uses, geographical distribution, and 
the culture of the cork oak, Quercus suber. 

Lewis (1928) studied the three-dimensional shapes of the cork cells of 
commercial cork and arrived at a provisional shape for the cells of this 
tissue. The studies of Dodd (1948) on the cells of the cambial zone of Pinus 
sylvestris and of Lewis (1935) on the shape of the tracheids in Pinus 
strobus have a direct bearing on the present study since they deal with 
elongate cells which are oriented in the same fashion as the elongate cork 
and cork cambium cells of Pelargonium. Dividing cells have been studied 
by Matzke (1949) in the epidermis of the apical meristem of Anacharis 
densa. Comparisons will be made between the data furnished by these four 
studies and those of the present paper. 

The older literature on three-dimensional cell shapes has been reviewed 
by Lewis (1923, 1933) and by Marvin (1939). The more recent literature 
has been reviewed by Matzke (1946, 1948). Detailed citations of cell shape 
literature in the present paper would merely constitute needless repetition. 
References pertinent to the present problem will be presented in the dis- 
cussion. 

Materials and methods. Mature flowering plants of Pelargonium hor- 
torum Bailey, grown in the Columbia University greenhouses, were used as 
the source of tissue for this investigation. Before this plant was chosen, a 
survey was made of the cork and cork cambium tissues of 15 genera of 
plants located in 13 different families. The cork and cork cambium tissues 
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of Pelargonium were found to be the most suitable for cell shape study. 

Material for the study of the shapes of cork cambium cells was secured 
from samples cut from the stem 10 to 15 em. from the apex. These were 
fixed in-Craf solution for a period of from 18 to 24 hours. The material was 
then dehydrated by the tertiary butyl alcohol method recommended by 
Johansen (1940), and imbedded in a 50/50 mixture of Tissuemat and Para- 
wax. Serial transverse sections were cut at 20 microns on a rotary micro- 
tome. The stain employed was safranin and fast green. 

When the sections, prepared as outlined above, were compared with 
freehand sections of living tissues, a limited amount of wrinkling of the 
walls of the cork cambium cells was evident. Efforts to overcome this by 
modifications of technique were not completely successful. However, it is 
highly unlikely that the contacts between cells could have been altered, and 
since no attempt was made to duplicate the exact dimensions and curvatures 
of the faces, this relatively small amount of wrinkling presumably had no 
effect on the data. 

In reconstructing a cork cambium cell, the procedure followed was first 
to choose a transverse section containing the nucleus and to draw it; the 
sections above and below were then drawn in succession until the entire 
length of the cell was included. The drawings of the transverse sections 
were made with the aid of a camera lucida, using an oil immersion lens at 
an approximate magnification of 1200 diameters. When the drawings of 
the transverse sections of a cell were made, note was taken of the positions 
of the top and bottom contacts of adjacent cells in the section. The depth 
of these neighboring contacts in the section was measured by using the scale 
on the fine adjustment of the microscope. These measurements were then 
used to make elevation drawings of the radial and tangential surfaces. By 
using this method, it was possible to reconstruct a cell having dimensions 
approximately to scale with those of the actual cell in the tissue (figs. 1-3). 
Fifty non-dividing and 50 dividing cork cambium cells were reconstructed 
by this method. 

The selection of the non-dividing cork cambium cells posed a problem 
since the appearance of the cork cambium cell in transverse section did not 
differ markedly from the cork cells recently produced. In order to surmount 
this difficulty the sequence of divisions in newly formed cork cambium cells 
was studied. In the species of Pelargonium used here, the layer of cells im- 
mediately below the epidermis gives rise to the cork cambium. Most of the 
non-dividing cells used in this study were the inner of the two daughter 
cells which resulted from the second division of the hypodermal cork cam- 
bium initials (fig. 4). These cells were chosen since the examination of the 
sequence of divisions demonstrated that they would be the next cells to 
divide and hence were cork cambium cells. In older tissue, where many 
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r. layers of cork and a few layers of secondary cortex have been formed, it is 
difficult to isolate the cork cambium cells with any degree of certainty. 
e This led to the choice of young cork cambium cells, using the procedure 
s outlined above. 
y The 50 dividing cork cambium cells were not difficult to choose since 
\- they could be recognized by the presence of the division figure. In order to 
)- use cells of a comparable age, the dividing cells chosen were in about the 
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y Figs. 1-3. These drawings illustrate the construction of a cork cambium cell from 


serial cross-sections. Fic. 1. A camera lucida drawing of a cross-section of a cork cam- 
bium cell. The part of the cell in figure 3 above the first intersecting plane was constructed 
from the section shown in figure 1. The solid line lettered ‘‘a’’ in the cross-section is at 
d the highest level and corresponds with ‘‘a’’ in figure 3; ‘‘b’’ is at the second level as 

indicated by the dashed line, and ‘‘c’’ represents the contact made by the bottom of an 

adjacent cell, and is shown by the cross-hatched line. Fie. 2. The cross-section drawing 
nt of the part of the cell contained between the two intersecting planes of figure 3. Since 

no new contacts are added in this section, it is represented in the drawing by a single 
t solid line. 


s same relative position in the tissue as the non-dividing cells. All the dividing 
- cells were in the prophase stage of division. This stage was chosen to deter- 
e mine whether changes in the number of contacts on a dividing cell oecurred 
r before the division wall was laid down. A further study might be made of 
- the shapes of dividing cells in each of the stages of division to note what 
e changes in contacts occur as division progresses. Reconstructions of the 


dividing cells were made by the same method used for the non-dividing cells. 
In making reconstructions of the cork cambium cells, a total of 620 
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drawings of transverse sections was made. Each drawing frequently con- 
tained a representation of more than one level in a section in order to 
record a top or bottom surface of a neighboring contacting cell. 

When the cork cells were prepared for study, freehand transverse sec- 
tions of the stem were made 15 to 20 em. below the apex. The sections were 
cut with a razor blade at an approximate thickness of 0.5 mm. One of the 
problems encountered in studying the cork cells was the opaque nature of 
the cell walls. In order to render the cell walls transparent, the sections 
were cleared by soaking them in hot 95 per cent ethyl alcohol for 2 hours. 
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Fie. 4. Letter ‘‘a’’ in this figure, marks the position of the cells used in studying 
the non-dividing cork cambium cells. Cells in this position will be the next ones to divide. 
Approximately 560 > 


The sections were then stained in a saturated solution of oil blue NA in 35 
per cent ethyl alcohol for 30 minutes. After washing in 35 per cent ethyl 
alcohol the sections were brought down to water. Finally, they were mounted 
in distilled water. The slides were made by ringing the cover slips with 
melted vaseline to prevent evaporation of the water. No difficulty has been 
experienced with loss of water from these slides after six months. 

Thick sections were made of the cork tissue since entire cells were de- 
sired. This technique was possible in studying the cork cells since in a 
mature stem they exist in a mass many layers deep, and it is not necessary 
to differentiate them from neighboring cells of other types. 

The cork cells used in this study were 3 or 4 cells removed from the cork 
cambium cell. The cells were studied in sequence, in a row formed by a 
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single cork cambium cell. The number of cells in a row varied from 2 to 8, 
with most of the rows containing 5 or 6 cells. 

Drawings of the cork cells were made with a camera lucida at an ap- 
proximate magnification of 730 diameters. In making the original drawings 
the top contacts of the cell were drawn first in one color. By focusing down 
through the cell, it was possible to note the appearance of the contacts of 
the neighboring cells. The outline of the cell was then drawn at the level 
in the section where each of these contacts appeared, a different color being 
used to represent each contact. The vertical distance from the top of the 
cell to the contacts was measured by making use of the fine adjustment scale 
on the microscope. The bottom contacts were the last to be drawn. The data 
on cell dimensions secured in this way were used to reconstruct the eleva- 
tion drawings of the radial and tangential surfaces of the cells. By using 
this technique, it was possible to reconstruct a cell whose dimensions were 
approximately to scale with those of the original cell in the tissue. This pro- 
cedure is illustrated in figures 5-11. 

During the course of cork formation, the cork cambium cells originating 
from the hypodermal initials may or may not undergo an anticlinal division 
(fig. 12). In choosing the cork cells to be.drawn, 50 cells were taken which 
were produced by a cork cambium cell which had not undergone anticlinal 
division, and 50 were formed by a cork cambium cell which had undergone 
such a division. 

The number in brackets following a mean is the standard deviation of 
the data. This is given in order to denote the variability about each mean. 
The significance of the differences was tested by making a t test.” 

Data. In order to determine the approximate general shape of the cork 
cambium and cork cells, a record of the dimensions of each cell was tabu- 
lated. The average length of the 100 cork cambium cells was 98 [33.9] 
microns, the average maximum tangential width was 50 [12.0] microns, 


‘and the average maximum radial depth was 22 [6.6] microns. The range in 


average length was considerable, extending from 38 microns for the shortest 
cell to 185 microns for the longest. The dimensions for the 100 cork cells 
were, average length 72 [10.9] microns, average maximum tangential width 
59 [15.6] microns, and average maximum radial depth 45 [10.8] microns. 
Although the range of values for the length of the cork cells was not so 
great as for the cork cambium, it still shows a fairly wide spread, the values 
being 51 microns for the shortest and 104 microns for the longest cell. The 
average length of the cork cells was shorter than that of the cork cambium 
cell. Since the cork cells were not taken from the same sample of tissue as 
the cork cambium cells, the difference in length may be due to the normal 
variation in size of the cork cells from plant to plant. 

The wide range of values for the length of the cells shows that these 
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Fies. 5-11. Fie. 5. Camera lucida drawing of the various levels of a cork cell as 
seen in cross-section. The solid line represents the highest plane in the drawing, the 
dashed line is at the next lower level, the dot-dash line is next, and the tted line rep- 
resents the bottom contacts of the cell. The letters ‘‘a—d’’ represent each of four sur- 
faces of the cell; letters ‘‘a’’ and ‘‘c’’ are on radial surfaces and letters ‘‘b’’ and ‘‘d’’ 
indicate tangential surfaces. Fic. 6. A drawing of the top surface of the cell. Fic. 7. 
A drawing of the bottom surface of the cell. Fies. 8 and 10. Tangential surfaces con- 
structed from the camera lucida drawing shown in figure 5. Fuies. 9 and 11. The tangen- 
tial walls. The letters in figures 6-11 correspond in position to the letters in figure 5. 


cells vary greatly in size and hence the average value is probably not of 
too great significance. The figures might-be used, however, to illustrate the 
fact that, in a general way, cork cambium cells in this tissue are elongate 
and radially compressed cells, while the cork cells tend to grow in a radial 
direction, making them less flattened. This effect of radial growth is shown 
in the illustrations of cork cambium cells (figs. 17-27) and cork eells (figs. 
28-—38 ). 


The variability of cork cells was noted by Douliot (1889) as one of the 
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Fig. 12. The rows of cork cells labelled ‘‘a’’ and ‘‘e’’ were derived from a cork 
cambium cell which had not undergone an anticlinal division. After the first two cork 
cells had been formed in row ‘‘b’’ the cork c&mbium cell divided anticlinally and pro- 
duced the two rows of cork cells shown in the figure. The cork ecambium cells would lie 
below the cells shown in the illustration, all of which are cork cells. Approximately 440 x. 


characteristics of this tissue. He stated, ‘‘ The form of cork cells, their thick- 
enings, their suberization, and their lignification are eminently variable 
according to the location where the branch is found which one is studying. 
These characteristics vary even from one branch to another on the same 
plant, from one side to the other on the same branch... .’’ 

In making a detailed study of the three-dimensional shapes of the cells 
in a tissue, data on the number and kinds of faces which form the bounding 
membranes of the cell are of importance. Figure 13 and table 1 illustrate 
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Fig. 13. This histogram illustrates the frequency distribution of cells having a par- 
ticular number of faces for the dividing and the non-dividing cork cambium cells. 
the number of faces per cell and the number of cells which possess a given 
number of faces for both the dividing and the non-dividing cork cambium 
cells. The range in the number of faces per cell for the dividing cells was 
from 10 to 23, the modal class for the group being 16. In the non-dividing 


TABLE 1. Number of faces per cell on 100 cork cambium cells. 


Dividing Non-dividing All cells 


No. of % of No. of % of No. of % of 
cells total cells total eells total 


4 y 4 
6 s 
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12 y 24 
14 ) 12 
14 ' 

16 14 
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cells the range in the number of faces per cell was 10 to 17 with the modal 
class at 13. This latter group illustrates a more or less bimodal type of dis- 
tribution for the number of faces per cell, the two peaks being at 13 and 15 
faces per cell. 

The average number of faces per cell in the dividing cells was 14.92 
[2.63], while the average for the non-dividing cells was 13.46 [1.75]. 

There is some question as to the validity of combining the data for the 
dividing and the non-dividing cells since only one type of dividing cell was 
used in the tabulation, namely cells in prophase. More representative data 
for the tissue as a whole would undoubtedly be obtained if all stages of 
division were included. Keeping this reservation in view, the combined 
data for all the cork cambium cells are presented in figure 14 and table 1. 
The range in the number of faces per cell was from 10 to 23 with the modal 
class appearing at 13. There is a secondary peak in the data at 15 and 16 
faces per cell. The average number of faces per cell for the entire group of 
cork cambium cells here presented was 14.19 [2.34]. The distribution of the 
cork cambium cells shows that 75 per cent of all the cells were in the range 
of 12 to 16 faces per cell. 

An examination of the radial rows of cork cells shows that the usual 
type of division in the cork cambium ¢ell is periclinal. Nevertheless, some 
cork cambium cells divide anticlinally and then continue.to produce two 
rows of cork cells instead of the original single row. This is illustrated in 
figure 12. 

Since differences in volume and size play a large part in determining 
the number and configuration of faces on cells in a tissue, the cork cells 
were tabulated in two groups, namely one group in which the cork cells 
came from a cork cambium cell which had undergone such a division (small 
cells), and a second group in which the cork cells came from a cork cam- 
bium cell which had not undergone an anticlinal division (large cells). The 
tangential width of the former group (figs. 30-33, 35-37) was, on the aver- 
age, 46 [7.32] microns while the same dimension of the cells in the second 
group (figs. 28, 29, 34 & 38) was 72 [9.45] microns. 

A count was made of the number of rows of cork cells which had been 
formed by the original cork cambium initials. The number of these rows in 
which an anticlinal division of the cork cambium cell had taken place was 
then counted ; 46 per cent of the original cork cambium cells had divided 
anticlinally and 54 per cent remained undivided. 


The range in the number of faces per cell for the cork cells resulting 
from anticlinally undivided cork cambium cells was 9 to 23 with a modal 
class at 13. The cork cells resulting from the division of a cork cambium 
cell which had undergone anticlinal division had a range in the number of 
faces per cell from 9 to 19 with the modal class distinctly at 11. The average 
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Fig. 14. This histogram illustrates the frequency distribution of cells having a par- 
ticular number of faces for all the cork cambium cells combined. 
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number of faces for the cork cells in the anticlinally non-divided cork cam- 
bium cell group was 14.72 [2.67], while the average for the other group was 
13.10 {2.38]. Figures 15 and table 2 illustrate the frequency distribution 
of these data. 

When the data for all the cork cells are combined as shown in figure 16 
and table 2, it is seen that the range in the number of faces per cell was from 
9 to 23 with a modal class at 13. The average number of faces per cell for 
the entire group of cork cells was 13.91 [2.65]. Sixty-five per cent of all the 
eork cells had 12 to 16 faces. 


CORK CELLS FROM CORK CELLS FROM 
UNDIVIDED CORK DIVIDED CORK 
CAMBIUM CELLS CAMBIUM CELLS 
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Fig. 15. This histogram illustrates the frequency distribution of the number of cells 
having a particular number of faces per cell for the cork cells which have been derived 
from an anticlinally divided cork eambium cell, and for cork cells derived from a cork 
cambium cell which has not so divided. 


The number and kinds of faces on the cork cambium cells are shown in 
table 3. The faces varied from 2-sided, lenticular faces to dodecagonal. The 
total number of faces was 1419, 746 on the dividing and 673 on the non- 
dividing cells. In both the dividing and the non-dividing cells pentagons 
predominated, accounting for 457 of the total number of faces or 32 per 
cent. Quadrilateral, pentagonal, and hexagonal faces accounted for 1175 of 
the total number of 1419 faces or 83 per cent. Even though the range is 
wide, most of the faces were included in this latter group. The 2-sided, len- 
ticular faces were found on the longest cell (fig. 17) and on 4 other cells 
which were distinctly elongate. 
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TABLE 2. Number of faces per cell on 100 cork cells. 


No. anticlinal One anticlinal 
division in cork division in cork 
eambium cells cambium cells All cells 
forming these forming these 
cork cells eork cells 


No. of % of No. of % of % of 
cells total cells total total 
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Table 4 presents the number and kinds of faces found on the cork cells. 
The faces on these cells varied from triangular to nonagonal, exhibiting a 
narrower range than in the cork cambium cells. The total number of faces 
was 1391; 736 faces were found on the cork cells derived from an anti- 
clinally undivided cork cambium cell, and 655 faces on the cells produced 
by the cork cambium which had divided anticlinally. Quadrilateral, pentag- 


TABLE 3. Kinds of faces on 100 cork cambium cells. 


Dividing Non-dividing All 
Number of cells cells cells 
sides - - - 
per face No. of % of No. of % of No. of % of 
faces total faces total faces total 
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Fig. 16. This histogram illustrates the frequency distribution of the number of cells 
having a particular number of faces per cell for all the cork cells combined. 
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Fies. 17-27. These figures illustrate cork cambium cells which are oriented according 
to the scheme shown on the arrow; the radial dimension (R) and the tangential dimen- 
sion (T) are noted on the arrow. The arrow is parallel to the axis of the plant. Fig. 17. 
The longest cell found. It contains 11 faces, one of which is lenticular. Fie. 18. The 
shortest cell. It contains 12 faces. Fies. 19 and 20. Both cells with 11 faces with the 
combination 3-6-2. Fies. 21 and 22. Two cells of i4 faces with the combination 4—6—2-2. 
Fies. 23 and 24. Two cells of 13 faces with the combination 2-8-3. Fie. 25. A eell of 
12 faces bearing triangular faces on one radial surface. Fie@s. 26 and 27 illustrate cells 
with 15 faces having the combination 5-4—4-2. Approximately 360 x. 
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Fies. 28-38. These figures illustrate cork cells oriented as shown by the arrow; 
radial (R) and tangential (T) dimensions are indicated on this arrow. Fie@s. 28-31. 
Cells having 14 faces. Each of these cells had the combination 4-4-6. Fies. 32, 33 and 
35-37. Cells with 11 faces having the combination 3—6—2. All of these cells were derived 
from a cork cambium cell which had divided antielinally. Fie. 34 shows a wide cell of 
11 faces which came from a cork cambium cell that had not undergone anticlinal division. 


Fig. 38. A cell with a tetrahedral angle at ‘‘a.’’ This was a cell with 13 faces. Approxi- 
mately 360 » 
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onal, and hexagonal faces again accounted for the greatest number of faces, 
quadrilaterals numbering 397 or 28 per cent, pentagons 463 or 33 per cent, 
and hexagons 440 or 32 per cent of the total. Even though the pentagons 
predominated in the cork cells, it should be noted that the number of 
hexagons was almost as great as the number of pentagons. 

The faces on both the cork and cork cambium cells usually met in the 
stable configuration of a trihedral angle. One tetrahedral angle was noted 
in the cork cambium cells and 3 were found in the cork cells (fig. 38). 


TABLE 4. Kinds of faces on 100 cork cells. 


Number of 
sides 


No anticlinal 
division in 
eork cambium 
forming these 
cork cells 


One anticlinal 
division in 
cork eambium 
forming these 
cork eells 


per face 
No. of % of No. of % of 
faces total faces total 


0.6 1] 
28.9 184 
31.6 
32.2 

4.6 

1.9 
0.1 


Total number 
of faces 736 5! 1391 

In the 100 cork cambium cells there were 86 different combinations of 
faces. Twelve combinations of faces occurred more than once; of these, 10 
combinations occurred twice and 2 combinations occurred 3 times. Of the 
combinations occurring more than once, 6 were common to both the dividing 
and the non-dividing cork cambium cells. 

There were 55 different combinations of faces in the 100 cork cells. 


Fifteen of these combinations occurred more than once. Of these recurring 
combinations, the most frequent occurred 9 times; other combinations oe- 
curred as follows: one 8 times, one 7 times, one 6, two 4, four 3, and five 2 


~~ 


times. 


(To be concluded in the next issue) 





TLLETIN OF THE TORBBEY BOTANICAL CLUB 





79, No. 4, pp. 329-338 Juny, 1952 





TORREYA 
MORE THAN A TREE GROWS IN BROOKLYN* 
EMANUAL D. RUDOLPH 


Most people think, and rightly so, that there is almost no native vegetation left in 
Brooklyn. If one seans the old reports, (Jelliffe 1899, Harper 1917), he finds that Brook- 
lyn was once covered in parts with woods; in the dryer portions of the oak-hickory type 
and in the moister areas of the maple-beech kind. Naturally, there were the usual her- 
baceous plants and shrubs associated with these and other trees. It is not difficult to 
picture what Brooklyn was like botanically about one hundred years ago. 

Today almost every bit of woodland is gone. The parks that remain consist mostly 
of planted trees and contain very few wild flowers. There is however one area in Brooklyn 
where one can still see a good number of interesting native plants. I refer to the salt 
marshes, sand dunes, and associated areas fringing Jamaica Bay. About two hundred 
different species of higher plants have been found in this locality on trips that I have 
made during the past four years. 

Harper (1917) wrote of this area, ‘‘The salt marshes, covering perhaps twenty 
square miles, and two or three square miles of dunes, are mostly in their natural condi- 
tion yet, but are being invaded by houses more and more every year.’’ The invasion 
continued and the natural area has shrunk to a very narrow fringe near the shore of the 
bay. Svenson (1940) commented on the possible future of this area, ‘‘The area which 
was visited—salt marshes west of Flatbush Ave., Brooklyn—is one of the very last bits 
of natural terrain within the limits of New York City, but with the projected improve- 
ments in connection with Marine Park this wild condition will probably not endure.’’ 
The development of Marine Park has progressed slowly, but steadily, and each year 
more and more natural vegetation is destroyed. In the short period that I have visited 
this locality, certain plants have disappeared, i.e. Spiranthes cernua and Sabatia stellaris. 
It is interesting to note that a few plants have taken hold in parts of this area which 
were not reported there fifty years ago, ie. Plantago indica and Mirabilis nyctaginea. 

The vegetation of this area can be divided into four major types: the salt marshes, 
the sand dunes, the fresh water marshes, and the weedy margins. The salt marshes can 
be further subdivided. The salt-marsh meadows are wide-spread; they are wet with salt 
water at least at high tide and are covered for large areas with low grassy plants as for 
example, salt meadow grass (Spartina patens), spike grass (Distichlis spicata), and 
black grass (Juncus Gerardi). The reed (Phragmites communis) covers extensive dryer 
places, while in the wetter parts the taller marsh grass (Spartina alterniflora) predomi- 
nates. Common plants of another salt marsh division, the mud flat, are: orach (Atriplex 
patula var. hastata), the three glassworts (Salicornia Bigelovii, 8. europaea and 8. vir- 
ginica), sea-blite (Suaeda maritima), and sea-lavender (Limonium carolinianum). 

The sand dune areas are scattered at points over the terrain. The common dune 
plants are: tumble grass (Hragrostis spectabilis), beachgrass (Ammophila arenaria), 
saltwort (Salsola Kali), sea-rocket (Cakile edentula), beach-plum (Prunus maritima), 
beach pea (Lathyrus japonicus var. glaber), bayberry (Myrica pennsylvanica), wild 
bean (Strophostyles helvola), marsh-elder (Iva frutescens var. oraria), and seaside 
goldenrod (Solidago sempervirens). 

The very few, small, fresh water areas in the salt marshes have the two cattails 
(Typha latifolia and T. angustifolia), monkey-flower (Mimulus ringens), marsh fern 
(Dryopteris Thelypteris), round-leaved sundew (Drosera rotundifolia), thoroughwort 
(Eupatorium perfoliatum) and sphagnum moss as some of their typical plants. 

* A check list of the plants found in this area will be supplied to anyone interested 
by the author. 
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The extensive weed vegetation of the margins and fills is the final and ever increas- 
ing type of plant life found. Common abundant weeds of this area are: horsetail (Equi- 
setum arvense), winged pigweed (Cycloloma atriplexifolium), black mustard (Brassica 
nigra), black medick (Medicago lupulina), yellow and white melilot (Melilotus offici- 
nalis and M. alba), pinweed (Lechea villosa), parsnip (Pastinaca sativa), English plan- 
tain (Plantago lanceolata), butter-and-eggs (Linaria vulgaris), horseweed (EHrigeron 
canadensis), the two ragweeds (Ambrosia trifida and A. artemisiifolia), boneset (Eupa- 
torium hyssopifolium), goldenrods (Solidago rugosa and S. graminifolia), aster (Aster 
ericoides), common yarrow (Achillea millefolium), thistle (Cirsium discolor), and chiek- 
ory (Cichorium Intybus). 

This area is well worth visiting, if one is interested in native flora, and is particu- 
larly attractive because of the ease with which it can be reached by public transportation. 
We can only hope that there will remain a bit of this ‘‘wild’’ terrain in the heart of the 
city for those interested in such things, as park development continues. It is an irre- 
placeable asset of a city the size of New York.—Missouri Botanical Garden and Wash- 
ington University. 
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Book REVIEWS 


Deciduous forests of Eastern North America, by E. Lucy Braun, xiv + 
596 pp., 1 map, The Blakiston Company, Philadelphia, Toronto, 1950. 


This book has long been awaited by ecologists and foresters alike who have through 
the years made their profit of Dr. Lucy Braun’s researches and ideas concerning the 
deciduous forest. She has certainly been one of the most original thinkers in the field of 
ecology in North America. Those who had followed with interest her development of the 
theory of association-segregates were anxious to read a general summation of this inter- 
pretation backed by the considerable evidence at the author’s disposal both from her 
own field experience and from the extensive but scattered literature. The present book is 
a rich reward of that expectation. 

The coverage of the subject is as thorough as it can well be at this time. Dr. Braun 
has travelled almost throughout the area that she delineates as deciduous forest, and she 
has most carefully evaluated the descriptions and interpretations offered by other 
workers. The greatest value resides most certainly in the author’s own tables of repre- 
sentative stands as she has employed a uniform standard, whereas data from other sources 
are necessarily heterogeneous. 

In an early chapter, the author briefly outlines her concepts and clarifies her vocabu- 
lary. This appears as an unfortunate necessity at this time, when ecology suffers from 
some uncertainty in concepts and the consequent confusion of terms. For instance, the 
word association, long in use in Europe as a synonym of community, was restricted by 
Clements to designate the climax community. Dr. Braun, in this, as in most of the ter- 
minology concerned with dynamics, follows the prevalent American usage. 

The book is divided into three parts and 18 chapters. 

The first part, ‘‘Introduction,’’ is brief. It offers nothing new, but outlines the 
principles to be followed and re-states some of them rather more clearly than they appear 
in many textbooks. 

The second part, ‘‘ The Deciduous Forest Formation,’’ is the most substantial, covers 
more than 400 pages. It offers a symmetrically developed description of the 9 regions 
into which the formation is divided. Dr. Braun has been very courageous in including a 
map which outlines the regions and the sections within each one. This feature will be 
especially welcomed by both geographers and biologists. 
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A chapter is devoted to each region. Typical stands of deciduous forest are described 
quantitatively, and emphasize variation due to slope, exposure, drainage and other 
features of the landseape. The lists of species themselves would suggest that some of the 
sample areas are somewhat heterogeneous as to one or more of the site factors. Actually 
some of them are so large (Table 87) as to be almost inevitably so; others are delib- 
erately lumped (Table 61). There is some remaining doubt in the minds of those not 
intimately acquainted with the Mixed Mesophytie forest as to whether the typical com- 
munity is indeed an association in a strict sense or a mosaic of associations. But one 
cannot quarrel with the procedure adopted, since the purpose of the author is to charac- 
terize regions. Of course she delimits them primarily in terms of their climax associa- 
tion. However, she says, 


Forest regions must not be confused with climax associations. Even though a 
region is named for the climax association normally developing within it, it 
should not be assumed that the region is coextensive with the area where that 
climax can develop. Each of the several climaxes, although characterizing a 
specific region, nevertheless occurs in other regions. Although a specific climax 
association characterizes a region, many other communities, as seral stages, 
physiographic climaxes, and secondary communities, occur in the region, and in 
fact often far exceed the climax in areal extent. Such communities, whether 
primary or secondary, are as much a part of the regional vegetation as are the 
climax communities. 

A good deal is said in the text concerning the vegetation of the lower layers. It 
may be regretted that this information was not systematized in table form along with 
the data concerning trees. In many eases the shrubs and herbs would have more strongly 
emphasized the ecological differences between the compared stands. 

It is of course evident that much further work is needed in order to confirm or to 
modify the boundaries which have been assigned here to regions and sections. No sounder 
basis could be provided, however, than the objective summary whieh is offered in this 
book. Inevitably some parts of this vast formation are better known to the author than 
others. Some peripheral areas she has not visited at all. (I would venture to suggest 
that the St.-Lawrence Lowlands, between Kingston and Trois-Riviéres do not belong 
in the ‘‘ Hemlock-White Pine-Northern Hardwoods’’ region but in the ‘‘ Beech-Maple.’’) 
The area she has studied in greatest detail is the ‘‘ Mixed Mesophytic.’’ 

Her own researches in this critical region have provided much of the substance for 
the third part of the book, ‘‘The Evolution of the Present Pattern of Forest Distribu- 


tion,’’ where she poses the following fundamental questions: 


Where does a particular climax attain its best development? Where is it 
most widespread, occupying the greatest variety of sites? Where is it most cir- 
cumscribed, most restricted to specific or peculiar sites? What are its actual 
limits (in space) and what are its local requirements in marginal habitats? 
What are the differences, if any, in composition in central and marginal situa- 
tions? What is indicated as regards migratory movements? What are the under- 
lying causes of these distributional facts? 


Any one of these questions will raise controversial points. Dr. Braun states her 
position quite clearly as regards her interpretation of vegetation dynamics, for instance 
when she writes: 


The extent of the area of dominance of any forest association is controlled 
chiefly by climatie influences. Extremes in annual variations in temperature or 
precipitation, while they may adversely affect the vegetative -vigor or the seed 
production of individuals of. particular species, will not affect the climax as a 
whole. Even if continued for a number of years, they can have little effect ex- 
cept by causing slight oscillations of margins through their limiting effects on 
species distribution. However, long-protracted trends or climatic shifts, such as 
have taken place in the past, have had profound effects upon the extent and 
distribution of climax associations, and are in part responsible for differences 
in composition in different geographic areas. Such climatic shifts have brought 
about mass migrations, or expansions or contractions of vegetation types. 
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To which she adds: 
We may be justified in assuming that the climatic requirements of a given 
association have remained reasonably constant through the ages, that protracted 

dry periods must have resulted in contraction of mesic associations and corre- 

sponding expansion of xeric associations. At the same time, we must certainly 

admit the possibility of slow progressive changes in requirements or rather ad- 
justments of vegetation. Migration and evolution, not alone of species but of 
physiologic adjustments of species and hence of vegetation, must have taken 
place. Although climate must have been determinative, the attempt to recon- 
struct the past must be based chiefly upon the paleobotanic record, the disjunct 
distribution of communities and species, and physiographic history (see Chap- 

ters 14 to 17). 

She then proceeds to examine the paleobotanical record to which present-day floristic 
and phytogeographical data are added. 

No mention is made, in this connection, of the temperate rainforest, a formation- 
type nowadays rather restricted in area, but very probably widespread in tertiary times, 
Sharp and his collaborators have recently drawn attention to the similarity of flora 
between living montane forests of Mexico and Tertiary East Asiatic and North American 
forests. These have long been said by paleontologists to be a mixture of tropical and 
temperate elements. Actually, the late Mesozoic forests of Southeastern United States 
(as summarized on pp. 451-452), both in the genera represented and in their life-forms, 
present more than analogy with the present-day New Zealand and South American 
(altitudinal) temperate rainforests. 

The development of the present-day deciduous forest units is drawn in broad strokes 
by Dr. Braun, and in a very convincing manner. [ feel, however, that the réle of the 
Southeastern Evergreen forest—especially of the Beech-Magnolia association, which 
comes close to being temperate rainforest itself—is not sufficiently stressed. 

I also find it a little difficult to follow the demonstration of the influence of physiog- 
raphy upon vegetation, except as the major physiographic events modify the climate and 
as the minor ones modify the soil. I am not very sure that when ‘‘range limits in the 
North do not appear to be related to climate ... certain of the deciduous species cannot 
advance until soil development results in suitable edaphie situations’’ (footnote, p. 31). 
Although this opinion of Hutchinson’s (1918) cannot be dismissed, I can see little evi- 
dence of this pattern on the Laurentian Shield, for instance, where it would presumably 
be most visible. Nor do I find it easy to accept that the beech-maple climax is not likely 
to ‘‘maintain itself when erosional topography replaces glacial topography.’’ 

No single feature in the now ‘‘classic’’ Clementian system is more discussed than 
the monoclimax hypothesis. No single view, and certainly no simple view, of this difficult 
question seems to be entirely tenable at this time. Dr. Braun has made the most of it as a 
framework for her design and contributed extremely valuable material for a re-evalua- 
tion of many controversial issues. 

This book should offer a number of investigators a fresh opportunity for sharpening 
their own views on ecological and evolutionary situations, especially in their dynamic 
aspect.—PIERRE DANSEREAU, University of Michigan. 


Stages in the Evolution of Plant Species. By Jens Clausen. viii + 206 
pages. Figs. 1-76. Ithaca, New York: Cornell University Press. 1951. $3.75. 


It is safe to state that few botanists have been unaware of the important studies on 
the evolution of plant species in progress since 1932 at the Carnegie Institution, Stan- 
ford University. Under the leadership of Dr. Jens Clausen, in cooperation with his able 
colleagues Dr. David D. Keck and Dr. Wm. M. Hiesey, a steady stream of detailed 
technical monographs and progress reports has appeared reporting the results of these 
studies. However, many biologists who are not specialists in the field have preferred to 
wait until one of the trio might summarize these detailed data, and present their inter- 
pretations and conclusions in terms intelligible to any Grade A biologist. This oppor- 
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tunity for reaching a broader segment of the biological world occurred when Dr. Clausen 
was asked to deliver the Messenger Lectures at Cornell University in November, 1950. 
The book under review is a series of essays which were the substance of these lectures, 
and presents a succinct and integrated interpretation of the monumental work carried 
on through so many years. 

It is a well organized treatise, commencing with a historical review of the evolu- 
tion of our concepts of speciation, followed by chapters on The Local Population as the 
Basic Evolutionary Unit; The Evolution of Ecological Races; and Genetic Systems of 
Ecological Races and Morphological Subspecies. Subsequent chapters discuss The Evolu- 
tion of Interspecific Barriers, and The Evolution of Groups of Species. The final chapter, 
The Physiologic-genetic Species Concept and The Dynamics of the Evolution of Species 
and Genera, is obviously a summary of the philosophy of the group with respect to the 
forces that are effective in determining the nature of species, and their organization in 
space and time. 

These essays do not pretend to review or evaluate the literature of the subject, but 
as Dr. Clausen states in the Preface, the facts and conclusions presented are based pri- 
marily upon the experimental work of the author and his colleagues. The contributions 
of other investigators are cited only when they are actually concerned with the species 
under investigation, or when otherwise pertinent. 

There were undoubtedly good reasons that governed the choice of species for the 
experimental work. Whether the sample chosen is truly representative of the Angiosperms 
might be challenged. This reviewer feels that the Compositae have been accented a little 
too heavily, and would have preferred to see one of the monocots, possibly a grass, 
studied by the methods developed by Dr. Clausen and his colleagues. Furthermore, may 
one draw broad conclusions regarding the evolution of plant species if that immensely 


important group, the cultivated plants are completely ignored? Mangelsdorf and others 
have stressed the fact that evolution in the large monocultures of our food plants is 
proceeding at a rapid pace. A study of some of our crop plants, using the techniques 
developed by Clausen, Keck, and Hiesey, would surely be enlightening, and perhaps pro- 
vide a much broader basis for understanding the nature of species. 


It should be noted that the species studied were for the most part, those of the 
‘*unusual’’ California flora. It is possible that the conclusions reached might have to be 
modified or even drastically altered when applied to species of other floras, as for in- 
stance, those of eastern North America or northern Europe. 

The format is good, on the whole, and the book is well designed. But the reproduc- 
tion of the smallest items in certain of the figures are so tiny as to be almost meaningless; 
e.g. Figs. 34, 48, 52. The several crossing polygons will repay careful study, although 
Fig. 64 (Crossing polygon of the genus Viola) might have been improved by separation 
into two enlarged figures. 

These minor imperfections in no way detract from the enormous amount of impor- 
tant and fundamental information gained from the skillfully designed and well executed 
experiments. The ‘‘transplant’’ experiments are of particular merit. They furnish a 
vivid picture of the complex reactions that take place between the environment and the 
genetic background of the individual, that could not have been obtained by any other 
means. Further comment with respect to other significant features of the book seems 
unnecessary, except to state that Clausen, Keck, and Hiesey have erected a strong and 
sturdy foundation upon which to build our knowledge of the evolution of plant species 
in nature. 

The Bibliography includes a list of about 90 entries. There is an accurate and useful 
index. The Cornell University Press can be congratulated on a neat printing job. The 
binding, paper, and photographie reproduction (with certain exceptions) are all of high 
calibre—THOMAS W. WHITAKER, Geneticist, U. 8. Horticultural Field Station, La Jolla, 
California. 
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Taxonomy of Vascular Plants. By George H. M. Lawrence. xiv + 823 
pages ; figs. 1-322; appendix I (Suggested syllabus for elementary course in 


taxonomy) and II (Illustrated glossary) ; index. The Macmillan Company, 
New York. 1951. 

It is indeed gratifying that one of the oldest aspects of botany has received an up- 
to-date and thoroughly comprehensive discussion in this text by Dr. Lawrence. Treating 
plant taxonomy ‘‘in its orthodox sense, that is, a science based fundamentally on mor- 
phology with the support of all interrelated sciences,’’ (page 3) the author from begin- 
ning to end of this well-organized book emphasizes the vital importance to dynamic 
taxonomy of such fields of study as morphology, genetics, cytology, anatomy, physiology, 
phytogeography, paleobotany, biochemistry, ecology, geomorphology. The work deserves 
special recognition for its fluid treatment of taxonomy and its definite correlation of 
allied botanical sciences. 

Part One presents taxonomic history, theories, principles, and practices. The history 
of early classification, rightly placed at the beginning, goes on to include the work of 
contemporary phylogenists, unlike too many texts which have omitted the taxonomic 
work of the last thirty-five to forty years. 

The author discusses in detail categories of classification, with exceptionally sound 
differentiation of a species, a subspecies, a variety, or a forma. He points to the ‘‘ lack 
of unanimity of concept’’ among botanists but adds that it is not especially important 
‘*if by even diverse modes of evaluation the same pattern of relationships is reached.’’ 
(page 55). 

The review of the morphological criteria of vegetative and reproductive characteris- 
tics in vascular plants is exhaustive. Of great interest to the reviewer is the author’s 
position regarding the importance of fruit and seed as classification criteria. In general, 
systematists have failed to recognize the abundant structural characters that fruits and 
seeds afford. Dr. Lawrence states that they ‘‘ provide characters very reliable in the char- 
acterization of genera and of families.’’ (page 85). 

Phylogeny receives the most inclusive treatment the reviewer has noted to date. 
The author points out the broad diversity of opinions reigning in the schools of thought 
represented by Eichler and his followers and in those of such men as Bessey and Hutchin- 
son, He mentions the lack of paleontological evidence particularly in Angiosperms and 
stresses the wide gap between the primitive seed plants and the true flowering plants. 

In diseussing current systems of classification, Dr. Lawrence reviews carefully the 
work of Bentham and Hooker, of Eichler, of Engler and Prantl, and presents contempo- 
rary concepts of phyletic relationships found in the work of Rendle, Wettstein, Pulle, 
and Skottsberg. 

To Bessey the author gives credit for originating the basie philosophy of his well- 
known classification while adding that Bessey admittedly modified the earlier systems of 
Bentham and Hooker and of Engler and Prantl. Acknowledging the theory of poly- 
phyletic origin advanced by Bessey, the author predicts that, with proper integration of 
the information acquired within the last quarter century, ‘‘there is good reason to be- 
lieve’’ that an expanded, improved, and modified Besseyan system will be developed. 

In surveying Hutchinson’s work Dr. Lawrence recognizes his critical appraisal of 
family limitations and his excellent arrangement of dicotyledons and monocotyledons, 
although he questions Hutchinson’s view of the monophyletic origin of plants and the 
separation of woody and herbaceous plants. 

The discussion of plant geography is commendable. Here in concise form, accom- 
panied by many excellent world maps, are the theories of ‘‘ continental drift’’ and ‘‘land 
bridges,’’ and a correlation of the periods of geologic time with the flora and fauna 
each supported. 

In the author’s view, the modern approach to taxonomy through experimentation 
draws upon evidence obtained from methods used in orthodox taxonomy and from those 
of cytology and genetics. He states that cytogenetic studies are increasingly employed 
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in problematic taxonomic research, particularly in that of a large genus with many 
species and variants, remarking that ‘‘conflict of views . . . can often be clarified by ap- 
plication of a combination of cytogenetic and cytotaxonomic studies.’’ (page 181). 

Nomenclature is defined as ‘‘the determination of the correet name to be applied to 
a known taxon or to a known plant.’’ (page 192). The author upholds the use of Latin 
as specific, exact, and internationally current. After tracing early nomenclature down 
to the binomial system of Linnaeus, he summarizes nomenclatural codes from the Paris 
Code of 1867 to the present unpublished rules adopted at the Seventh International 
Botanical Congress in 1950, 

The author mentions the value of regional manuals and of herbaria, giving the loca- 
tion and size of the larger herbaria of the world. He describes techniques of collecting, 
preparing, preserving, pressing, mounting, and labelling specimens. 

A chapter is devoted to the vast literature on the taxonomy of vascular plants, list- 
ing the most important indices and mentioning regional manuals covering sections of 
North America, South America, Europe, Asia, Africa, Australasia, and Pacific insular 
areas. There are also all-inclusive lists of bibliographies, catalogs, periodicals and jour- 
nals, dictionaries, and maps. 

Part Two treats of the families of vascular plants having members growing in the 
United States. The author’s two major divisions are Pteridophyta and Embryophyta 
Siphonogama. In the resume of families each is carefully described, the number of gen- 
era and species is listed. One innovation is the mention of the economic values of families 
and species. An exhaustive and fruitful list of current references accompanies each 
family. The glossary is very full and profusely and clearly illustrated. 

In this work of outstanding merit, the broad principles of taxonomic study, with 
much general information and wealth of detail, have been brought together as in no 
other single volume. The book is complete and to be highly recommended to graduate 
students and for reference. It seems somewhat too difficult and comprehensive for use as 
an undergraduate text.—JESsiz G. FISKE, New Jersey College for Women, Rutgers, The 
State University of New Jersey. 


Algae of the Western Great Lakes Area. By G. W. Prescott. 946 pages; 
136 pl. Bull. 31. Cranbrook Institute of Science. Bloomfield Hills, Michigan. 
1951. 


The taxonomic botanist working with higher plants has had satisfactory manuals, 
such as Britton & Brown, Gray, and Small, to assist him in his work. The phycologist 
has been hampered in his work because of the lack of such a manual. Keys and original 
descriptions of algae are widely scattered in many publications over a great many years, 
so it is almost impossible to assemble ‘all the taxonomic papers necessary to prepare an 
algal flora of a single lake or stream. Here at last, under one cover, are keys and deserip- 
tions of most of the common and many rare fresh water algal species (exclusive of! 
desmids and diatoms). Although the title implies that it is written to be used in that 
area of the United States surrounding the western Great Lakes, so many species of 
algae are universal in distribution that it will be useful in the major portion of the 
country east of the Rockies. We hope that Dr. Prescott will find time to continue his 
work and give us a similar manual of the Desmids, with which he is so well acquainted 
and which is just as badly needed as the present work. 

The introductory material covers 64 pages. The author deals at first specifically with 
the geology, topography and soils of Michigan and Wisconsin. This is followed by an 
excellent summary of our present knowledge of the productivity of lakes and a general 
discussion of algal associations to be found in various types of lakes. The lakes are 
classified on the basis of the chemistry of their waters. A short discussion of the economic 
aspect of fresh water algae is touched upon in the section on water blooms and food 
chains. One of the outstanding features of this section of the book is the series of plates 
illustrating common morphological terms. There is no doubt in the mind of the reader as 
to what the author means in the keys that follow. This is a more satisfactory way of 
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handling these terms than with descriptions. A glossary is also included, but unfortu- 
nately is separated from these illustrations by the whole taxonomie section. 

The bulk of the volume consists of the taxonomic treatment of pigmented species of 
Thallophytes and Protista collected in the area covered. The following divisions are in- 
eluded: Chlorophyta (excluding the desmids), Chrysophyta (excluding diatoms), Eugleno- 
phyta, Chloromonadophyta, Pyrrophyta, Cyanophyta and Rhodophyta. 

The keys are clearly worded and as easy to use as any others available. Adequate 
descriptions for each species are given, with authorities and dates of publication. There 
are 136 plates of illustrations to accompany the descriptions. Plate and figure numbers 
are included with each description and are also listed in the index. 

The bibliography is comprehensive and is in itself a notable contribution to algal 
literature. The citations are brief and crowded, but not difficult to use. This feature 
alone should make the volume a must in the library of any researcher in the field of 
aquatie biology. 

There can be no question in the minds of phycologists, that this beautiful, well 
printed book is a tool that workers in the field of fresh water biology have needed for a 
great many years. The Cranbrook Institute and the author should be highly commended 
on the excellent result of their cooperation. Dr. Prescott’s years of devotion to his studies 
in the field of phycology are apparent in this, the product of that labor. No worker in 
the field of phycology, limnology, or related studies can afford to be without this excel- 
lent work.—E. T. Mout. 


Manual of Phycology, an Introduction to the Algae and Their Biology. 
Edited by Gilbert M. Smith. xi +375 pages; 47 figs. and frontispiece. The 
Chroniea Botanica Co., Waltham, Mass. 1951. $7.50. 


A compact, comprehensive manual that would summarize and bring together in a 
single volume the fundamental knowledge about the algae has been needed for years. 
Research papers on the algae have been published in many different biological periodicals 
and as a result, are scattered so widely that many papers are overlooked or unobtainable. 
The information reported in research papers published in the last few years, together 
with the bulk of facts and details known previously has needed to be evaluated and then 
organized into a brief compilation useful alike to phycologists, botanists and the casual 
workers in the field. This Manual of Phycology, edited by Dr. Gilbert M. Smith, with the 
assistance of specialists in all branches of phycology, certainly meets these requirements, 
summarizing algal research up to 1948. 

The manual begins with a short chapter on the history of algal study, reviewing the 
progress made in all fields of phycologieal research. A chapter on classification follows. 
The Chlorophyta, Euglenophyta, Chrysophyta, Pyrrophyta, Phaeophyta, Cyanophyta and 
Rhodophyta are covered in separate chapters by specialists. In each chapter the morphol- 
ogy, cytology, anatomy, physiology and reproduction of that group are discussed. Clear 
and well chosen illustrations are included in each chapter. Fossil algae, cytology, sexu- 
ality, pigmentation, physiology and biochemistry, ecology of fresh water and marine algae 
and the biological significance of plankton algae are the subjects covered in the remain- 
ing chapters of the book. The information presented is well selected, covering all phases 
of algal research and so well organized that it will prove very valuable as a reference 
book to investigators and teachers. It could be used advantageously as text book in 
course work. Each chapter is followed by a modest bibliography including the most per- 
tinent literature of the past as well as the recent research published up to 1948. There 
are two appendices covering the culture of algae and microtechniques. 

The specialists contributing to this successful manual included: L. R. Blinks, H. C. 
Bold, Kathleen M. Drew, Francis Drouet, Jean Feldmann (Translation from French by 
Maxwell 8S. Doty), F. E. Fritsch, H. W. Graham, M. O. P. Iyengar, T. L. Jahn, D. A. 
Johansen, J. H. Johnson, B. H. Ketchum, G. F. Papenfuss, G. W. Prescott, E. G. Prings- 
heim, G. M. Smith, H. H. Strain and L. H. Tiffany. 

The editor regrets that a chapter on Economic Phycology did not materialize, but 
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it is hoped by the publisher to devote a special volume of the ‘‘ New Series of Plant 
Science Books’’ to this subject in the future. Both editor and publisher are to be con- 
gratulated on the completion of another excellent volume in this series——E. T. Mout, 
Rutgers University, State University of New Jersey. 


Principles of Plant Physiology. By James Bonner and Arthur W. 
Galston. Illustrations by Evan L. Gillespie. x +499 pages. W. H. Freeman 
and Company, San Francisco. 1952. $5.50. 


A long-standing need for a concise yet comprehensive elementary text for the one- 
semester introductory course in plant physiology seems to have been met by this book. 
For many years undergraduates taking only a beginning course in plant physiology, if 
assigned any textbook at all, have been limited to the instructor’s choice among a few 
books which were in many respects better suited to students at the graduate level. Per- 
haps this situation was related to the fact that introductory plant physiology is so often 
taught as a combination course for graduate and undergraduate students. 

Bonner and Galston have deliberately chosen to write this book in a manner which 
they consider will make the subject matter understood by and useful to students having 
a science background of no more than general chemistry and general botany. This does 
not mean that a sound, quantitative, technical approach to the subject has been aban- 
doned in favor of a generalized, descriptive presentation. Basic principles are emphasized, 
but extended discussion of conflicting views has been avoided, and only a limited amount 
of tabular data are included. Classical papers or other useful references covering the 
field under discussion are listed at the end of each chapter, but direct citations to original 
literature are given only with some of the figures and tables. 

The authors have achieved a commendable balance and unity in the organization of 
the book, which is divided into three main sections of about equal length: (1) Nutrition, 
(II) Metabolism, and (III) Growth and Development. Emphasis on biochemical aspects 
of metabolism and growth is considerably greater than that found in other American 
textbooks of plant physiology, which seems proper in a modern treatment of the subject. 

Of great aid in the presentation of basic principles are the stimulating illustrations 
by Evan L. Gillespie, ranging from symbolic summaries of related processes to intimate 
glimpses of anatomical features. Numerous graphs drawn in a uniform style, condensed 
chemical representation of various transformations, together with the other illustrations 
give an artistic quality not often found in science textbooks. 

The subject matter covers a broad field, and it is to be expected that some criticism 
of viewpoint or of content might be made of parts of the section on nutrition by spe- 
cialists in that field. In the chapter on mineral nutrition, for example, adherence to the 
old term, ‘‘minor elements,’’ instead of acceptance of ‘‘ micronutrient elements’’ might 
be questioned. Three nutrient solutions described as ‘‘ widely used’’ are not recent ree- 
ommendations from the laboratories where they were developed. Credit for the suggestion 
of an experimental method for the independent alteration of cations and anions in a nu- 
trient solution might also have been given to Beckenbach, Wadleigh and Shive who de- 
scribed a technique several years earlier than the one cited. Restriction of the term, 
‘*Drip Culture’’ to sand culture with continuous renewal of solution seems questionable. 

Few errors were noticed for a first edition. Figure 2-15 is not complete in its present 
form, and inaccuracies were noted in the diagram in Figure 5—7 and in the title of Fig- 
ure 5-9. Description of chloroplasts (page 17) as ‘‘saucer-shaped’’ seems to be an un- 
warranted simplification. 

Many features of this book will be extremely useful as teaching aids, such as the 
wealth of illustrations, the consistent emphasis on basic principles, concise summaries of 
each chapter, and well-chosen questions, both of a review nature and of a thought-pro- 
voking type, which follow each chapter. Only first-hand experience with this book used as 
a course text will reveal its limitations, if any. This reviewer hopes to have this experi- 
ence. Perhaps some of the symbolic illustrations will be too abstract; possibly the lack of 
labels in some of the figures will be a handicap for the student with the limited back- 
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ground which the authors assume. How much of the biochemistry will be grasped and —— 
retained by the student lacking organic chemistry remains to be seen. Certainly biochem- 
ical aspects of the subjects are admirably presented in a condensed form. 
For those who prefer a less selective approach to the study of plant physiology and 
who like to give more consideration to conflicting evidence in developing fields of re- 
search, it might be suggested that the individual teacher can now devote more time to 
such matters and can guard against too dogmatie viewpoints by supplementing what this 
text offers, knowing that his students will have at hand a book which will provide gen- 
erally accepted concepts in a unified and concise form which can be grasped and re- 
tained. That such a book can now be written is an indication that plant physiology has 
reached a stage of development comparable to that which enabled authors to write simi- 
larly condensed texts in general chemistry.—HAro.p E, CLARK, New Jersey Agricultural 
Experiment Station, Rutgers University, The State University of New Jersey. 


NOTE 


We have received a ‘‘Catalogue of Botanical Books, Prints and Drawings’’ from 
Mrs. Roy A. Hunt. The catalogue covers a collection which has been exhibited in Wash- 
ington, Pittsburgh, and Charlottesville. The exhibition traces the development of botanical 
illustration from the fifteenth century. A scholarly introduction by Elizabeth Morgan of 
the National Gallery of Art is followed by 86 annotated entries. There are 48 full page 
halftone plates and a Frontispiece in color. Copies, at $1.00 may be obtained from Car- 
negie Institute, Fine Arts Department, Forbes Street, Pittsburgh 13, Pa——J. A. 8. 
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FUNGI 
(See also under Bryophytes: Skottsberg; under Morphology: Olive; Wilson) 

Baxter, Dow V. Some resupinate polypores from the region of the Great Lakes. 
XXI. Pap. Mich. Acad. 35 (1949)1. 43-59. pl. 1-6. 1951 [1952]. 
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Damon, Samuel C. Two noteworthy species of Sepedonium [sp. nov., comb. 
nov.]. Mycologia 44: 86-96. F 1952. 
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the Penicillium luteum series. Mycologia 44: 101-111. F 1952. 
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Bull. 20: 683. N 1951. 

Hawkes, Alex D. Os componentes botanicos do grupo Cypripedium. Orquidea 
[Rio de Janeiro] 13: 124-126. Jl—Au 1951 [1952]. 

Howell, John Thomas. Carices adventive in California. Leafl. West. Bot. 6: 
180. 6 F 1952. 

Howell, John Thomas. Eriogonum notes. Leafil. West. Bot. 6: 177-180. 6 F 


1952. 


Hunt, Trevor E. A new species of Pterostylis—from South Queensland. Orchid 
Jour. 1: 42, 43. Ja 1952. 
Jordal, Louis H. Some new entities in the flora of the Brooks Range Region, 


Alaska. Contributions to the flora of Alaska no. 2. Rhodora 54: 35-39. F 
[Mr] 1952. 

Kearney, Thomas H. Notes on Malvaceae. Leafl. West. Bot. 6: 165-172. 6 F 
1952. 

Kummer, Anna P. Weed seedlings. i—rxrvriii, 1-435. Univ. Chieago Press, Chicago. 
1951. 

LaRue, Carl D. The propagation of the Camperdown elm. Rhodora 54: 55, 
56. F [Mr] 1952. 

Lanjouw, J. & Stafieu, F. A., editors. Index herbariorum. Part 1. The herbaria 
of the world. i—xvi, 1-167. Utrecht. 1952. 

Li, Hui-Lin. Notes on some families of Formosan phanerogams. Jour. Wash. 
Acad. 42: 39-44. F 1952. 

Li, Hui-Lin. Taxonomic notes on the Rosaceae of Formosa. Liloydia 14: 
231-238. D 1951 [15 Mr 1952]. 
Léve, Askell, & Léve, Doris. The geobotanical significance of polyploidy. 
Portug. Acta Biol. A. Goldschmidt vol.: 273-352. 1949-1951 [1952]. 
Luomala, Katherine. Plants of Canton Island, Phoenix Islands. Oce. Pap. 
Bishop Mus. 20: 157-174. 1 Au 1951. 

Macdougall, T. Nopalxochia conzattianum. Cactus & Suec. Jour. 23: 161, 162. 
S-O 1951. 

McVaugh, Rogers. Remarks on the genus Cercocarpus in Texas. Field & Lab. 
20: 35-40. Ja [Mr] 1952. 

Matos Aranjo, Paulo Agostinho de. Contribuicéio ao conhecimento da familia 
Asclepiadaceae, no Brazil. Rodriguesia 13”: 4-221. D 1950 [1951]. 
Menzel, Margaret Young. The cytotaxonomy and genetics of Physalis. Proe. 

Am. Philos. Soc. 95: 132-183. Ap 1951. 
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Merrill, E. D. Readjustments in the nomenclature of Philippine Eugenia 
species. Philipp. Jour. Sei. 79: 351-430. D 1950. 

Moldenke, Harold N. The known geographic distribution of the members 
of the Verbenaceae, Avicenniaceae, Stilbaceae, Symphoremaceae and Eri- 
ocaulaceae. Supplement 8. Phytologia 4: 65-88. Mr 1952. 

Moldenke, H. N. Notes on new or noteworthy plants. XIII. Phytologia 4: 
41-65. Mr 1952. 

Monachino, J. V. A new species of Ormosia, from Bahia. A new variety of 
Chrysophyllum auratum Mig. A new combination in Schindleria. Phyto- 
logia 4: 36-41. Mr 1952. 

Ownbey, Gerald B. Nuttall’s Great Plains species of Cirsium: C. undulatum 
and C. canescens. Rhodora 54: 29-35. pl. 1182-1183. F. 1952. 

Pelkwijk, A. J. ter. The chromosome-number of Amelanchier laevis Wieg. 
forma villosa ter Pelkwijk. Genetica 25: 519-521. 1951. 

Pennell, Francis W. The genus Calceolaria in Eeuador, Colombia, and Vene- 
zuela. Proc. Acad. Phila. 103: 85-196. pl. 6, 7. 18 D 1951. 

Pennell, Francis W. A new Indian paint-brush from the Mogollon Plateau 
of Arizona (Castilleja: Serophulariaceae). Not. Nat. 237: 1, 2. 29 My 
1951. 

Pennell, Francis W. A new velvety monkey-flower from California (Mimulus: 
Scrophulariaceae). Not. Nat. 235: 1, 2. 29 My 1951. 

Pennell, Francis W. The united-leaved Calceolarias of the northern and middle 
Andes (Scrophulariaceae). Not. Nat. 236: 1-3. 29 My 1951. 

Polunin, Nicholas. Perlustrationes plantarum arcticarum II: ‘Parry plants’ 
in the Manchester museum. Rhodora 54: 45-55. F 1952. 

Porter, C. L. Astragalus and Oxytropis in Colorado. Wyo. Univ. Publ. 16: 
1—49. 15 J1 1951. 

Rothmaler, Werner. Die Abteilungen und Klassen der Pflanzen. Repert. 
Sp. Nov. 54: 256-266. 31. O 1951. 

Rousseau, Jacques & Raymond, Marcel. Le Gentiana tenella Rottb. dans le 
Québee arctique. Nat. Canad. 79: 76-80. F 1952. 

Rousseau, Jacques & Raymond, Marcel. Quelques entités nouvelles du nord 
du Québee. Nat. Canad. 79: 81-84. F 1952. 

Rousseau, Jacques & Raymond, Marcel. Un Agoseris nouveau pour |’est de 
1’Amérique du Nord. Nat. Canad. 78: 353-360. N—D 1951 [F 1952}. 
Rowley, G. D. Studies in Ficoidaceae. II. Adrian Hardy Haworth and his ob- 

servations. Nat. Cactus & Suce. Jour. 6: 48, 49. D 1951. 

Schlechter, Rudolfo. A flora orquidicea do Rio Grande do Sul. Orquidea 
[Rio de Janeiro] 13: 142-145. Jl-Au 1951 [1952]. 

Schultes, Richard Evans. A new Aristolochia [amesiana] from Amazonian 
Colombia. Bot. Mus. Leafl. 15: 185-190. pl. 60. 12 Mr 1952. 

Schweinfurth, Charles. Orchidaceae peruviana IX. Bot. Mus. Leafl. 15: 
139-170. pl. 41-66. 21 F 1952. 

Sealy, J. Robert. Penstemon gentianoides [So. Mex. & Guatemala]. Bot. Mag. 
168: pl. 162. O 1951. 

Shinners, Lloyd H. Addenda on Texas Chamaesyce (Euphorbiaceae). Field 
& Lab. 20: 24-26. Ja [Mr] 1952. 

Shinners, Lloyd H. Cakile lanceolata (Willd.) O. E. Sehulz var. geniculata 
(B. L. Robinson) Shinners, comb. nov., Cyperus globulosus Aubl. var. ro- 
busta Boekk. Shinners, comb. nov., Eragrostis oxylepis Torr. var. Beyrichit 
(J.G. Smith) Shinners, comb. nov. Field & Lab. 20: 33, 34. Ja [Mr] 1952. 
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Skottsberg, Carl. A supplement to the pteridophytes and planerograms of 
Juan Fernandez and Easter Islands. (Nos. 1, 2,5 and 7). Nat. Hist. Juan 
Fernandez & Easter Islands 2: 763-792. pl. 55-57. 1951. 

Skottsberg, C. Weitere Beitriige zur Flora der Insel San Ambrosio (Islas 
Desventuradas, Chile). Ark. Bot. Il. 1: 453-469. 2 Ja 1951. 

Standley, Paul C. & Williams, Louis O. Ocho géneros de Arboles y arbustos 
nuevos para Centro América. Ceiba 3: 24-35. 29 F 1952. 

Standley, Paul C. & Williams, Louis O. Plantae Centrali-Americae, III. 
Ceiba 3: 35-66. 29 F 1952. 

Standley, Paul C. & Williams, Louis O. Synandrina, género nuevo hondureiio 
de la FlaeureiAceas. Ceiba 3: 74-76. 29 F 1952. 

Stebbins, G. Ledyard. Aridity as a stimulus to plant evolution. Am. Nat. 
86: 33-44. F 1952. 

Stebbins, G. Ledyard & Walters, Marta Sherman. The evolutionary signifi- 
cance of two synthetic allopolyploid species of Bromus. Portug. Acta 
siol. A Goldschmidt vol.: 106—136. 1949-1951 [1952). 

Steyermark, Julian A. A new Carex [standleyana| from Guatemala and Hon- 
duras. Ceiba 3: 23, 24. 29 F 1952. 

Steyermark, Julian A. New Rubiaceae from Panama. Ceiba 3: 18-22. 29 F 
1952. 

Thomas, John H. Cochlearia officinalis arctica in the vicinity of Point Barrow, 
Alaska. Rhodora 54: 40-42. F 1952. 

Towle, Margaret Ashley. The pre-Columbian occurrence of Lagenaria seeds 
in coastal Peru. Bot. Mus. Leafl. 15: 171-184. pl. 57-59. 12 Mr 1952. 


Van Melle, P. J. Juniperus texensis sp. nov.—West-Texas juniper in relation 
to J. monosperma, J. Ashei et al. Phytologia 4: 26-35. Mr 1952. 


ECOLOGY AND PLANT GEOGRAPHY 

(See also under Algae: Thurman & Kuehne; under Spermatophytes: Live & Live) 

Beadle, N. C. W. Studies in the halophytes. I. The germination of the seed 
and establishment of the seedlings of five species of Atriplex in Australia. 
Ecology 33: 49-62. Ja [Mr] 1952. 

Egler, Frank E. Southeast saline everglades vegetation, Florida, and its 
management. Vegetatio 3: 213-265. 1952. 

Livingston, R. B. Relict true prairie communities in central Colorado. Ecology 
33: 72-86. Ja [Mr] 1952. 
McMinn, Robert G. The role of soil drought in the distribution of vegetation 
in the northern Rocky Mountains. Ecology 33: 1-15. Ja. [Mr] 1952. 
Moss, E. H. Grassland of the Peace River region, western Canada. Canad. 
Jour. Bot. 30: 98-124. pl. 1, 2. Ja 1952. 

Reitz, R. Raulino. Vegetacio do Morro do Bau. Rodriguésia 13": 267-288. 
D 1950 [1951]. 

Riley, Herbert Parkes. Ecological barriers. Am. Nat. 86: 23-32. F 1952. 


PALEOBOTANY 

Andrews, Henry N. & Mamay, Sergius H. A new American species of Bow- 
manites. Bot. Gaz. 113: 158-165. D. 1951 [Mr] 1952. 

Chaney, R. W. Revision of fossil Sequoia and Taxodium in western North 
America based on the recent discovery of Metasequoia. Trans. Am. Philos. 
Soc. IT. 40: 172-262. 1951. 

Delevoryas, Theodore & Morgan, Jeanne. Tubicaulis multiscalariformis: a 
new American coenopterid. Am. Jour. Bot. 39: 160-166. Mr 1952. 
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Endo, Seido. A record of Sequoia from the Jurassic of Manchuria. Bot. Gaz. 
113: 228-230. D 1951 [Mr 1952]. 

Frey, David G. Pollen analysis of the Horry clay and a seaside peat deposit 
near Myrtle Beach, S.C. Am. Jour. Sei. 250: 212-225. Mr 1952. 

Hansen, Henry P. Postglacial forests in the Grande Prairie-Lesser Slave Lake 
region of Alberta, Canada. Ecology 33: 31-40. Ja [Mr] 1952. 

Neely, Florence E. Small petrified seeds from the Pennsylvanian of Illinois. 
Bot. Gaz. 113: 165-179. D 1951 [Mr 1952]. 


MORPHOLOGY 


(including anatomy and cytology in part) 
(See also under Plant Physiology: Weintraub; Whiffen) 


Ball, Ernest. Morphogenesis of shoots after isolation of the shoot apex of 
Lupinus albus. Am, Jour. Bot. 39: 167-191. Mr 1952. 
Buell, Katherine M. Developmental morphology in Dianthus I. Structure of the 
pistil and seed development. Am. Jour. Bot. 39: 194-210. Mr 1952. 
Gates, R. Ruggles. Epigeal germination in the Leguminosae. Bot. Gaz, 113: 
151-157. D 1951 [Mr 1952}. 

Kaeiser, Margaret. Microstructure of wood of Juniperus virginiana L.xJd. 
Ashei Buchh. Traus. Ill. Acad. 44: 45-50. 1951. [F 1952]. 

Mackie, Ruth W., Blume, James H. & Hagen, C. E. Histological changes in- 
duced in barley plants by radiation from P%2, Am. Jour. Bot. 39: 229-237. 
Mr 1952. 

Olive, Lindsay 8S. Studies on the morphology and eytology of Itersonilia 
perplexans Derx. Bull. Torrey Club 79: 126-138. Mr—-Ap [F] 1952. 

Palser, Barbara F. Early endosperm development and embryogeny in Cassiope 
hypnoides. Trans Ill. Acad. 44: 51-57. 1951 | F 1952]. 

Stern, William L. The comparative anatomy of the xylem and the phylogeny 
of the Julianiaceae. Am. Jour. Bot. 39: 220-229. Mr 1952. 

Weier, T. E. & Stocking, C. R. The chloroplast: structure, inheritance, and 
enzymology. II. Bot. Rev. 18: 14-75. Ja 1952. 

Wilson, Charles M. Meiosis in Allomyces. Bull. Torrey Club 79: 139-160. 
Mr—Ap [F] 1952. 


GENETICS 
(See also under Spermatophytes: Menzel; Pelwijk; under Fungi: Raper & Fennell; 
under Morphology: Weier & Stocking) 

Babcock, Ernest B. The development of fundamental concepts in the science of 
genetics. Portug. Acta. Biol. A. Goldschmidt vol.: 1-46. 1949-1951 [1952]. 

Brown, Meta S. & Menzel, Margaret Y. The cytology and crossing behavior of 
Gossypium gossypioides. Bull. Torrey Club 79: 110-125. Mr—Ap [F] 1952. 

Clausen, Roy E. The primary cytogenetic classes of Nicotiana. Portug. Acta 
Biol. A. Goldschmidt vol.: 137-146. 1949-1951 [1952]. 

De Mol, Willem Eduard. A search for the correct colchicine treatment of the 
embryos of Scilla spp. to produce polyploids. Pap. Mich. Acad. 35(1949)': 
3-7. 1951. [1952]. 

De Mol, Willem Eduard. Twenty five years of tulip improvement by X-ray. Pap. 
Mich. Acad. 35(1949)': 9-14. pl. 1-6. 1951 [1952]. 

Koopmans, A. Cytogenetic studies on Solanum tuberosum L. and some of its 
relatives. Genetica 25: 193-337. 1951. 

McElroy, W. D. & Swanson, C. P. The theory of rate processes and gene muta- 
tion. Quart. Rev. Biol. 26: 348-363. D 1951 [Ja 1952]. 
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McGinnis, R. C. & Unrau, John. A study of meiosis in a haploid of Triticwm 
vulgare Vill. and its progenies. Canad. Jour. Bot. 30: 40-49. pl. 1-3. Ja 
1952. 

Matsumura, Seiji. Radiation genetics in wheat. I. Chromosome aberrations in 
einkorn wheat induced by irradiation. Cytologia 16: 201-211. N 1951. 
Moh, C. C. & Smith, Luther. An analysis of seedling mutants (spontaneous, 
atomic bomb-radiation-, and X-ray-induced) in barley and durum wheat. 

Genetics 36: 629-640. N 1951 [Ja 1952}. 

Miintzing, Arne. The meiotic pairing of iso-chromosomes in rye. Portug. Acta 
Biol. Goldschmidt vol.: 831-860. 1949-1951 [1952]. 

Miintzing, A. & Lima-de-Faria, A. Pachytene analysis of a deficient accessory 
chromosome in rye. Hereditas 38: 1-10. 21 Ja 1952. 

Schwartz, Drew. The interaction of nuclear and cytoplasmic factors in the 
inheritance of male sterility in maize. Geneties 36: 676-696. N 1951 [Ja 
1952]. 

Sheng, T. C. The genetic basis of woolly degeneration in Newrospora crassa. 
Bot. Gaz. 113: 203-206. D 1951 [Mar 1952]. 

Stadler, L. J. Spontaneous mutation at the RF locus in maize. IV. An R-linked 
modifier of R mutation rate. Portug. Acta Biol. A Goldschmidt vol.: 785- 
797. 1949-1951 [1952]. 

Stout, Arlow Burdette. Reproduction in Petunia. Mem. Torrey Club 20*: 1-202. 
7 Mr 1952. 

Unrau, John & Larter, E. N. Cytogenetical responses of cereals to 2,4-D. I. A 
study of meiosis of plants treated at various stages of growth. Canad. Jour. 
Bot. 30: 22-27. pl. 1. Ja [Mr] 1952. 


PLANT PHYSIOLOGY 

(See also under Morphology: Weier & Stocking; under Phytopathology: Yarwood) 

Allen, Seward E. & Skoog, Folke. Stimulation of seedling growth by seed treat- 
ments with N-phenyl succinimide derivatives. Plant Physiol. 27: 179-183. 
Ja 1952. 

Alvim, Paulo de T. The influence of the green mesophyll in stomatal movement. 
Plant Physiol. 27: 206-209. Ja 1952. 

Banigan, T. F., et al. Distribution of waxes in guayule. Bot. Gaz. 113: 231-234. 
D 1951 [Mr 1952]. 

Barton, Lela V. Germination of seeds of Juniperus virginiana L. Contr. Boyce 
Thompson Inst. 16: 387-393. O-D 1951. [F 1952}. 

Bell, Thomas A. Pectolytic enzyme activity in various parts of the eucumber 
plant and fruit. Bot. Gaz. 113: 216-221. D 1951 [Mr 1952]. 

Borthwick, H. A., Hendricks, 8S. B. & Parker, M. W. Action spectrum for 
inhibition of stem growth in dark-grown seedlings of albino and non albino 
barley (Hordeum vulgare). Bot. Gaz. 113: 95-105. D 1951 [Mr 1952]. 

Byerbrum, R. V. & Lucas, E. H. Studies in plant carbonic anhydrase. II. Kinetie 
studies. Plant Physiol. 27: 111-120. Ja 1952. 

Chen, S. L. The action spectrum for the photochemical evolution of oxygen by 
isolated chloroplasts. Plant Physiol. 27: 35-48. Ja 1952. 

Cooil, Bruce J. Relationships of certain nutrients, metabolites and inhibitors 
to growth in the Avena coleoptile. Plant Physiol. 27: 49-69. Ja 1952. 
Cooper, William C., Gorton, B. 8S. & Olson, E. O. Ionic accumulation in citrus as 
influenced by rootstock and scion and concentration of salts and boron in 

the substrate. Plant Physiol. 27: 191-203. Ja 1951. 
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Day, Boysie E. The absorption and translocation of 2,4-dichlorophenoxyacetie 
acid by bean plants. Plant Physiol. 27: 143-152. Ja 1952. 

Derscheid, Lyle A. Physiological and morphological responses of barley to 
2,4-dichlorophenoxyacetie acid. Plant Physiol. 27: 131-134. Ja 1952. 
Earley, E. B. Percentage of carbohydrates in kernels of Station Reid yellow dent 

corn at several stages of development. Plant Physiol. 27: 184-190. Ja 1952. 

Ezell, Boyce D. & Wilson, Marguerite S. Influence of storage temperature on 
earotene, total carotenoids and ascorbie acid content of sweet potatoes. 
Plant Physiol. 27: 81-94. Ja 1952. 

Fromm, F. A quantitative evaluation of the Lemna test for herbicides. Bot. Gaz. 
113: 86-90. S 1951 [Ja 1952]. 

Fults, Jess L., et al. Glutamic acid in sugar beets increased by zine dimethyldi- 
thiocarbamate. Bot. Gaz. 113: 207-210. D 1951 [Mr 1952}. 

Ganz, A., et al. Biosynthesis of radioactive nicotine. Bot. Gaz. 113: 195-203. D 
1951 [Mr 1952]. 

Geissman, T. A. & Hinreiner, Elly. Theories of the biogenesis of flavonoid com- 
pounds. Bot. Rev. 18: 77-164. F 1952. 

Ghering, Mary Virgil. The effect of six vitamins upon the growth of Fusariwm 
solani in a synthetic medium. Pap. Mich. Acad. 35(1949)1: 15-20. 1951. 
[1952]. 

Haagen-Smit, A. J., ef al. Investigation on injury to plants from air pollution in 
the Los Angeles area. Plant Physiol. 27: 18-34. Ja 1952. 

Hall, Wayne C. Studies on the origin of ethylene from plant tissues. Bot. Gaz. 
113: 55-65. S 1951 [Ja 1952]. 

Ivanoff, S. S. The use of activated oat seeds in the study of winter-hardiness. 
sot. Gaz. 113: 90-94. S 1951 [Ja 1952]. 

Jensen, William. Effect of boron on germination of flax seed and on respiration 
of flax seedlings. Bot. Gaz. 113: 180-185. D. 1951 [Mr 1952]. 

Jones, Kenneth Lester. Some nutritional aspects of the pistillate condition in 
ragweeds. Pap. Mich. Acad, 35(1949)1: 21-23. pl. 1, 2. 1951 [1952]. 
Klingman, Glenn C. & Ahlgren, Gilbert H. Effects of 2,4-D on dry weight, redue- 
ing sugars, total sugars, polysaccharides, nitrogen, and allyl sulfide in wild 

garlic. Bot. Gaz. 113: 119-134. D 1951 [Mr 1952]. 

Krotkov, G. & Bennett, W. Constance G. Synthesis and hydrolysis of sucrose by 
wheat leaves, as determined by the vacuum infiltration method. Canad. 
Jour. Bot. 30: 28-39. Ja [Mr] 1952. 

Lee, Addison E. Nitrogen and amino acids in normal, habituated and bacteria- 
free crown gall tumor tissue cultures of grape. Plant Physiol. 27: 173-178. 
Ja 1952. 

Link, George K. & Goddard, David R. Studies on the metabolism of plant 
neoplasms. I. Oxygen uptake of tomato crown-gall tissues. Bot. Gaz. 113: 
185-190. II. The terminal oxidase patterns of crown-gall and auxin tumors 
of tomato. 190-195. D 1951 [Mr 1952]. 

Macpherson, Margaret G. & Young, E. Gordon. Seasonal variation in the chemi- 
cal composition of the Fucaceae in the Maritime Provinces. Canad. Jour. 
Bot. 30: 67-77. Ja [Mr] 1952. 


Masson, Pierre. Le bleuissement des tiges de choux rouges causé par leur intoxi- 
cation au Semesan. Ann. ACFAS 17: 154, 155. N 1951. 


Minarik, C. E., et al. New growth-regulating compounds. II. Substituted benzoic 
acids. Bot. Gaz. 113: 135-147. D 1951 [Mr 1952]. 
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Muzik, Thomas J. The effect of hormone on bark renewal in Hevea brasiliensis. 
Pap. Mich. Acad. 35(1949)1: 33-40. pl. 1. 1951 [1952]. 

Parker, Johnson. Moisture retention in leaves of conifers of the northern Rocky 
Mountains. Bot. Gaz, 113: 210-216. D 1951 [Mr 1952]. 

Raper, Kenneth B. A decade of antibiotics in America. Mycologia 44: 1-59. 
F 1952. 

Ready, D., et al. Albinism induced by substituted benzoic acids. Plant Physiol. 
27: 210, 211. Ja 1952. 

Redmond, Douglas R. & Cutter, Victor M. An example of synergistic growth 
inhibition between root-inhabiting fungi. Mycologia 43: 723-726. N—D 1951 
[Ja 1952]. 

Robbins, William J. Patterns formed by motile Euglena gracilis var. bacillaris. 
Bull. Torrey Club 79: 107-109. Mr—Ap [F] 1952. 

Roberts, D. W. A. Physiological and biochemical studies in plant metabolism. 
[V. Effects of illumination and darkness on the physiological heterogeneity 
in the first leaf of wheat. Canad. Jour. Bot. 29: 451-466. O 1951. V. The 
effect of changes in soil water content on the physiological heterogeneity in 
the first leaf of wheat. 30: 50-66. Ja | Mr] 1952. 

Rodgers, Earl G. Brittleness and other responses of corn to 2,4-dichlorophen- 
oxyacetie acid. Plant Physiol. 27: 153-172. Ja 1952. 

Shull, R. W. Some factors affecting nectar secretion in red clover. Plant Physiol. 
27: 95-110. Ja 1952. 

Sinclair, Walton B. & Crandall, P. R. Alcohol-insoluble solids of juice vesicles 
and pulp of citrus fruit. Bot. Gaz. 113: 106-119. D 1951 [Mr 1952]. 

Smith, James H. C., French, C. 8S. & Koski, Violet M. The Hil] reaction: devel- 
opment of chloroplast activity during greening of etiolated barley leaves. 
Plant Physiol. 27: 212, 213. Ja 1952. 

Steere, Russell L. Virus increment curves obtained from counts of particles in 
clarified plant juice. Am. Jour. Bot. 39: 211-220. Mr 1952. 

Swingle, Charles F. Regeneration and vegetative propagation. II. Bot. Rev. 18: 
1-13. Ja 1952. 

Thornberry, H. H. The enH decimal scale for expressing hydrogen-ion concentra- 
tion. Trans. Ill. Acad. 44: 35-39. 1951 [F 1952]. 

Timnick, Margaret B., Barnett, H. L. & Lilly, Virgil Greene. The effect of 
method of inoculation of media on sporulation of Melanconium fuligineum, 
Mycologia 44: 141-149. F 1952. 

Timnick, Margaret B., Lilly, Virgil Greene & Barnett, H. L. The effect of nutri- 
tion on the sporulation of Melanconium fuligineum in culture. Mycologia 
43: 625-634. N—D 1951 [Ja 1952]. 

Ulrich, Elizabeth W., Suter, Loyal S. & Dunham, Wolcott B. The sensitivity of 
Blastomyces dermatitidis to antifungal agents. Mycologia 44: 115-118. 
F 1952. 

Verduin, Jacob. The volume-based photosynthetic rates of aquatie plants. Am. 
Jour. Bot. 39: 157-159. Mr 1952. 

Vickery, Hubert Bradford. The behavior of isocitric acid in excised leaves of 
Bryophyllum calycinum during culture in alternating light and darkness. 
Plant Physiol. 27: 9-17. Ja 1952. 

Weaver, Robert J. & Williams, W. O. Response of certain varieties of grapes to 
plant growth-regulators. Bot. Gaz. 113: 75-85. S 1951 [Ja 1952]. 

Weintraub, Marvin. Leaf movements in Mimosa pudica L. New Phytol. 50: 
357-382. Ja 1952. 





BULLETIN OF THE TORREY BOTANICAL CLUB [Vor. 


Whiffen, Alma J. The effect of cycloheximide on the sporophyte of Allomyces 
arbuscula. Mycologia 43: 635-644. N—D 1951 [Ja 1952]. 

Zelitch, I., Wilson, P. W. & Burris, R. H. The amino acid composition and 
distribution of N“ in soybean root nodules supplied with N*-enriched N). 
Plant Physiol. 27: 1-8. Ja 1952. 

Zielinski, Q. B. & Garren, R. G. Effect of 2,4-dichlorophenoxyacetie acid and 
napthalene acetic acid on increasing fruit-setting and delaying maturity of 
Montmorency cherries. Bot. Gaz. 113: 147-150. D 1951 [Mr 1952]. 

Zobel, Bruce. Oleoresin composition as a determinant of pine hybridity. Bot. 
Gaz. 113: 221-227. D 1951 [Mr 1952]. 


PHYTOPATHOLOGY 

Afanasiev, M. M. & Morris, H. E. Bean virus 2 (yellow) on great northern bean 
in Montana. Phytopathology 42: 101-104. F 1952. 

Anderson, Chris W. Additional notations on the red leaf virus of filaree. Phy- 
topathology 42: 110, 111. F 1952. 

Baines, R. C. & Thorne, Gerald. The olive tree as a host of the citrus-root 
nematode. Phytopathology 42: 77, 78. F 1952. 

Beale, Helen Purdy & Jones, Carolyn R. Virus diseases of tobacco mosaic and 
potato yellow dwarf not controlled by certain purified antibiotics. Contr. 
Boyce Thompson Inst. 16: 395-407. O—-D 1951 [F 1952]. 

Bridgmon, G. H. & Walker, J. C. Gladiolus as a virus reservoir. Phytopathology 
42: 65-70. F 1952. 

Brinkerhoff, L. A., et al. Frequency of bacterial blight-resistant plants in twenty 
cotton varieties. Phytopathology 42: 98-100. F 1952. 

Demaree, J. B. & Smith, N. R. Blueberry galls caused by a strain of Agrobac- 
terium tumefaciens. Phytopathology 42: 88-90. F 1952. 

Dimond, A. E., Stoddard, E. M. & Chapman, R. A. Chemotherapeutic investiga- 
tions on the common bacterial blight of beans. Phytopathology 42: 72-76. 
F 1952. 

Gattani, M. L. Lysis in rust uredospore germ tubes. Phytopathology 42: 70, 71. 
F 1952. 

Gottlieb, David & Siminoff, Paul. The production and role of antibiotics in the 
soil. II. Chloromycetin. Phytopathology 42: 91-97. F 1952. 

Hougas, R. W., Rieman, G. H. & Stokes, G. W. Resistance to white rust in 
horse-radish seedlings. Phytopathology 42: 109, 110. F 1952. 

Littau, Virginia C. & Black, L. M. Spontaneous tumors in sweet clover. Am. 
Jour. Bot. 39: 191-194 Mr 1952. 

Maramorosch, Karl. Direct evidence for the multiplication of aster-yellows virus 
in its insect vector. Phytopathology 42: 59-64. F 1952. 

Newton, Nelson & Rosberg, David W. Electron-microsecope studies of a new 
orchid virus complex. Phytopathology 42: 79-82. F 1952. 

Pound, Glenn 8. Relation of air temperature and virus concentration to mosaic 
resistance in cabbage. Phytopathology 42: 83-88. F 1952. 

Shaw, Charles Gardner, et al. Fluorine injury to ponderosa pine: a summary. 
Northw. Sci. 25: 156. N 1951 [Ja 1952]. 

Thomas, C. A. Transmission of safflower rust on treated seed. Phytopathology 
42: 108, 109. F 1952. 

Wiles, A. B. & Walker, J. C. Epidemiology and control of angular leaf spot of 
cucumber. Phytopathology 42: 105-108. F 1952. 

Yarwood, C. E. Some relations of carbohydrate level of the host to plant virus 
infections. Am. Jour. Bot. 39: 119-124. 9 F 1952. 





INDEX TO AMERICAN BOTANICAL LITERATURE 


GENERAL BOTANY 
(including Biography) 
Breitung, A. J. How plants are named. Nat. Canad. 79: 1-10. Ja 1952. 
Le Gallo, C. Un spiritain botaniste aux Antilles Francaises. Le pére Antoine 
Duss (1840-1924). Nat. Canad. 79: 53-75. F [Mr] 1952. 
McVaugh, R. The death of Francis W. Pennell. Asa Gray Bull. II. 1: 57. Ja 
1952. 
Mufiez, Francisco Maria. Don Anastasio Alfaro Gonzalez. Ceiba 3: 69-72. 29 F 
1952. 
Standley, Paul C. Doiia Amparo Lopez Callejas de Zeledon. Ceiba 3: 68, 69. 
29 F 1952. 
Standley, Paul C. Don Anastasio Alfaro Gonzalez, 1865-1951. Ceiba 3: 72-74. 
29 F 1952. 
Standley, Paul C. Jesse More Greenman, 1867-1951. Ceiba 3: 66-68. 29 F 1952. 








